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introducing  premeasured,  premixed  DuoNeb. 

It's  the  first  and  only  one-step  dual-therapy  nebulizes 

for  COPD,  with  improved  efficacy  over  albuterol  or  ipratropium 

alone — and  no  increased  safety  risk.' 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one  ! 

bronchodilator  In  a  1 2-week  clinical  study,  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

DuoNeb  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympathomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 

Please  see  following  page  for  prescribing  information. 
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Ijhalation  So  utii 

Nebulize  I  QID 

The  first  and  only  one-step  dual-therapy 
nebulizer  solution  for  COPD. 

Vial  Contains:  0.5  mg  ipratropium  bromide 

3.0  mg  albuterol  sulfate 

(equivalent  to  2.5  mg  albuterol  base) 

^2^        I-800-75S-S560 
^  ^      www.deyinc.com 

©2001  DEY      09-973-0!      12/01 

Circle  1 06  on  product  information  card 
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DuoNeb^M 

(Ipratropium  Bromide  0.5  mg/Albuterol  Sulfate  3.0  mg*) 

Inhalation  Solution 

'Equivalent  to  2.5  mg  albuterol  base 

BRIEF  SUMMARY  OF  PRESCRIBING  INFORMATION 
INDICATIONS  AND  USAGE 

DuoNeb  IS  indicated  tor  the  tfealment  ot  bronchospasm  associated  with  COPD  in  patients  requiring  more  than 
one  bronchodilator 

CONTRAINDICATIONS 

DuoNeb  IS  contraindicated  in  patients  with  a  history  ot  hypersensitivity  to  any  of  its  components,  or  to  atropine 
and  Its  derivatives 
WARNINGS 

Paradoxical  Bronchospasm:  In  the  clinical  study  of  DuoNeb.  paradoxical  bronchospasm  was  not  observed. 
However,  paradoxical  bronchospasm  has  been  observed  with  both  inhaled  ipratropium  bromide  and  albuterol 
products  and  can  be  lite-threatening.  It  this  occurs,  DuoNeb  should  be  discontinued  immediately  and  alternative 
therapy  instituted. 

Do  Not  Exceed  Recommended  Dose:  Fatalities  have  been  reported  in  association  with  excessive  use  of  inhaled 
products  containing  sympathomimetic  amines  and  with  the  home  use  ot  nebulizers. 
Cardiovascular  EHecI:  DuoNeb,  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  significant  cardio- 
vascular effect  in  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms  Although  such 
effects  are  uncommon  for  DuoNet)  at  recommended  doses,  if  they  occur,  the  drug  may  need  to  be  discontin- 
ued. In  addition,  beta  agonists  have  been  reported  to  produce  ECG  changes,  such  as  flattening  of  the  T-wave, 
prolongation  of  the  QTc  interval,  and  ST  segment  depression  The  clinical  significance  of  these  findings  is 
unknown.  Therefore.  DuoNeb.  like  other  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension. 
Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administration  ot  DuoNeb  as  demonstrated  by  rare  cases  of  urticaria,  angioedema, 
rash,  pruritus,  oropharyngeal  edema,  bronchospasm,  and  anaphylaxis. 
PRECAUTIONS 
General 

1.  Effects  Seen  with  Svmoathomimetic  Drugs.  As  with  all  products  containing  sympathomimetic  amines, 
DuoNeb  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency, 
cardiac  arrhythmias,  and  hypertension,  in  patients  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus;  and  in  patients  who  are  unusually  responsive  to  sympathomimetic  amines  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-existing  diabetes  mellitus  and  ketoacidosis.  Additionally,  p-agonists 
may  cause  a  decrease  in  serum  potassium  in  some  patients,  possibly  through  intracellular  shunting  The 
decrease  is  usually  transient,  not  requiring  supplementation, 

2  Effects  Seen  with  Anticholinergic  Drugs  Due  to  the  presence  of  ipratropium  bromide  in  DuoNeb,  it  should  be 
used  with  caution  in  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy,  or  bladder-neck  obstruction. 
3.  Use  in  Heoaltc  or  Renal  Diseases:  DuoNeb  has  not  been  studied  In  patients  with  hepatic  or  renal  insufficiency. 
It  should  be  used  with  caution  in  these  patient  populations. 
Inlormatton  tor  Patients 

The  action  of  DuoNeb  should  last  up  to  5  hours.  DuoNeb  should  not  be  used  more  frequently  than  recom- 
mended Patients  should  be  instructed  not  to  increase  the  dose  or  frequency  of  DuoNeb  without  consulting  their 
healthcare  provider.  If  symptoms  worsen,  patients  should  be  instructed  to  seek  medical  consultation 
Patients  must  avoid  exposing  their  eyes  to  this  product  as  temporary  papillary  dilation,  blurred  vision,  eye  pain, 
or  precipitation  or  worsening  of  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  if  a  mask  is  used. 

If  a  patient  becomes  pregnant  or  begins  nursing  while  on  Duof^Jeb,  they  should  contact  their  healthcare  provider 
about  use  ot  DuoNeb. 

See  the  illustrated  Patient's  Instruchon  for  Use  in  the  product  package  insert. 
Drug  Interactions 

Anticholinergic  agents.  Although  ipratropium  bromide  is  minimally  absorbed  into  the  systemic  circulation,  there 
IS  some  potential  for  an  additive  interaction  with  concomitantly  used  anticholinergic  medications  Caution  is, 
therefore,  advised  in  the  co-administration  of  DuoNeb  with  other  drugs  having  anticholinergic  properties. 
p-adreneroic  agents.  Caution  is  advised  in  the  co-administration  of  DuoNeb  and  other  sympathomimetic  agents 
due  to  the  increased  nsk  of  adverse  cardiovascular  effects, 

p-receotor  blocking  agents.  These  agents  and  albuterol  sulfate  inhibit  the  effect  of  each  other,  p-receptor  block- 
ing agents  should  be  used  with  caution  in  patients  with  hyperreactive  airways,  and  if  used,  relatively  selective 
Bl  selective  agents  are  recommended 

Diuretics.  The  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  from  the  administration  of 
non-potassium  spanng  diuretics  (such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  p-agonists, 
especially  when  the  recommended  dose  of  the  p-agonist  is  exceeded.  Although  the  clinical  significance  of  these 
effects  IS  not  known,  caution  is  advised  in  the  co-administration  of  p-agonist-containing  drugs,  such  as  DuoNeb, 
with  non-potassium  sparing  diuretics, 

fylonoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  DuoNeb  should  be  administered  with  extreme  cau- 
tion to  patients  beino  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  or  within  2  weeks 
of  discontinuation  oisuch  agents  because  the  action  of  albuterol  sulfate  on  the  cardiovascular  system  may  be 
potentiated 

Carcinogenesis,  Mutagenesis,  Impairment  ot  Fertility 

Albuterol  Sulfate.  In  a  2-year  study  in  Sprague-Dawley  rats,  albuterol  sulfate  caused  a  significant  dose-related 
increase  in  the  incidence  of  benign  leiomyomas  ot  the  mesovarium  at  and  above  dietary  doses  of  2  mg/kg 
(approximately  equal  to  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^  basis).  In 
another  study,  this  effect  was  blocked  by  the  coadministration  of  pnDpranolol,  a  non-selective  beta-adrenergic 
antagonist. 

In  an  18-month  study  in  CD-1  mice,  albuterol  sulfate  showed  no  evidence  of  tumorigenicity  at  dietary  doses  up 
to  50(1  mg/kg  (approximately  140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m*^  basis)  In  a  22-month  study  In  Golden  hamsters,  albuterol  sulfate  showed  no  evidence  of  tumorigenic- 
ity at  dietary  doses  ud  to  50  mg/Vg  (approximately  20  times  the  maximum  recommended  daily  inhalation  dose 
for  adults  on  a  mg/m'^  basis) 

Albuterol  sulfate  was  not  mutagenic  m  the  Ames  test  or  a  mutation  test  in  yeast  Albuterol  sulfate  was  not  clas- 
togenic  in  a  human  penpheral  lymphocyte  assay  or  in  an  AH1  strain  mouse  micronucleous  assay. 
Reproduction  studies  in  rats  demonstrated  no  evidence  of  impaired  fertility  at  oral  doses  of  albuterol  sulfate  up  to 
50  mg/kg  (approximately  25  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m"  basis) 
Ipratropium  bromide:  In  2-year  studies  in  Spraoue-Dawley  rats  and  CD-I  mice,  ipratropium  bromide  showed  no 
evidence  of  tumorigenicity  at  oral  doses  up  to  6  mg/kq  (approximately  1 5  times  and  B  times  the  maximum  rec- 
ommended daily  inhalation  dose  for  adults  in  rats  and  mice  respectively,  on  a  mg/m^  basis). 
Ipratropium  bromide  was  not  mutagenic  in  the  Ames  test  and  mouse  dominant  lethal  test.  Ipratropium  bromide 
was  not  clastogenic  in  a  mouse  micronucleous  assay 

A  reproduction  study  in  rats  demonstrated  decreased  conception  and  increased  resorptions  when  ipratropium 
bromide  was  administered  orally  at  a  dose  of  90  mo/kg  (approximately  240  times  the  maximum  recommended 
daily  inhalation  dose  for  adults  on  a  mg/m*^  basis)  These  effects  were  not  seen  with  a  dose  ql  50  mg/kg  (approx- 
imately 140  times  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m^  basis) 
Pregnancy 

TERATOGENIC  EFFECTS:  Pregnancy  Category  C 

Albuterol  sulfate  Pregnar^cy  Category  C  Albuterol  sulfate  has  been  shown  to  be  teratogenic  in  mice  A  study  in 
CD-1  mice  given  albuterol  sulfate  subcutaneously  showed  cleft  palate  formation  m  5  of  111  (45%)  fetuses  at 
0-25  mg/kg  (less  than  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg'm'^  basis)  and  m 
10  of  108  (9,3%)  fetuses  at  2.5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily  innalation 


dose  tor  adults  on  a  mo/m^  basis).  The  drug  did  not  induce  cleft  palate  formation  when  administered  subcuta- 
neously at  a  dose  of  0.025  mg/kg  (less  than  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m^  basis).  Cleft  palate  formation  also  occurred  in  22  of  72  (30  5%)  fetuses  from  females  treated  subcuta- 
neously with  2.5  mg/kg  isoproterenol  (positive  control). 

A  reproduction  study  in  Stride  rabbits  revealed  cranioschisis  in  7  of  1 9  (37%)  fetuses  when  albuterol  was  admin- 
istered orally  at  a  dose  of  50  mgAg  (approximately  55  times  the  maximum  recommended  daily  inhalation  dose 
tor  adults  on  a  mg/m'^  basis) 

A  study  in  which  pregnant  rats  were  dosed  with  radiolabeled  albuterol  sulfate  demonstrated  ttiat  drug-related 
material  is  transferred  from  the  maternal  circulation  to  the  fetus 

During  worldwide  marketing  experience,  vanous  congenital  anomalies,  including  cleft  palate  and  limb  detects, 
have  been  reported  in  the  offspring  of  patients  being  treated  with  albuterol.  Some  of  the  mothers  were  taking 
multiple  medications  during  their  pregnancies  Because  no  consistent  pattern  of  defects  can  be  discerned,  a  rela- 
tionship between  albuterol  use  and  congenital  anomalies  has  not  been  established 
Ipratropium  bromide:  Pregnancy  Category  B.  Reproduction  studies  in  CD-I  mice,  Sprague-Dawley  rats  and  New 
Zealand  rabbits  demonstrated  no  evidence  of  teratogenicity  at  oral  doses  up  to  10, 100,  and  125  mgAg,  respec- 
tively (approximately  15,  270,  and  680  times  the  maximum  recommendeo  daily  inhalation  dose  for  adults  on  a 
mg/m"^  basis).  Reproduction  studies  in  rats  and  rabbits  demonstrated  no  evidence  of  teratogenicity  at  inhala- 
tion doses  up  to  1  5  and  1.8  mg/kg.  respectively  (approximately  4  and  10  times  the  maximum  recommended 
daily  inhalation  dose  for  adults  on  a  mg/m*^  basis).  There  are  no  adequate  and  well-controlled  studies  of  the  use 
of  DuoNeb,  albuterol  sulfate,  or  ipratropium  bromide  in  pregnant  women  DuoNeb  should  be  used  dunng  preg- 
nancy only  if  the  potential  benefit  lustifies  the  potential  risk  to  the  fetus. 
Labor  and  Delivery 

Oral  albuterol  sulfate  has  been  shown  to  delay  preterm  labor  in  some  reports  Because  of  the  potential  of 
albuterol  to  interfere  with  uterine  contractility,  use  of  DuoNeb  during  labor  should  be  restncted  to  those  patients 
in  whom  the  benefits  clearly  outweigh  the  risks. 
Nursing  Mothers 

It  is  not  known  whether  the  components  of  DuoNeb  are  excreted  in  human  milk.  Although  lipid-insoluble  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would  reach  the  infant  to  an  impor- 
tant extent,  especially  when  taken  as  a  nebulized  solution  Because  of  the  potential  for  tumongentciTy  shown  for 
albuterol  sulfate  in  some  animals,  a  decision  should  be  made  whether  to  discontinue  nursing  or  discontinue 
DuoNeb,  taking  into  account  the  importance  of  the  drug  to  the  mother 
Pediatric  Use 

The  safety  and  effectiveness  of  DuoNeb  in  patients  below  18  years  ot  age  have  not  been  established. 
Geriatric  Use 

Of  the  total  number  of  subjects  in  clinical  studies  of  DuoNeb,  62  percent  were  65  and  over,  while  1 9  percent  were 
75  and  over  No  overall  differences  m  safety  or  effectiveness  were  observed  between  these  subiecis  and  younger 
subiects,  and  other  reported  clinical  experience  has  not  identified  differences  in  responses  between  the  elderly 
and  younger  patients,  but  greater  sensitivity  of  some  older  individuals  cannot  be  ruled  out. 
ADVERSE  REACTIONS 
Adverse  reaction  information  concerning  DuoNeb  was  derived  from  the  12-week  controlled  clinical  trial. 


ADVERSE  EVENTS  OCCURRING  IN  a  1%  OF  i  1  TREATMENT  GROUPIS)  AND  WHERE  THE 
COMBINATION  TREATMENT  SHOWED  THE  HIGHEST  PERCENTAGE 

Body  System 
COSTART  Term 

Albuterol 
n  (%) 

Ipratropium                    DuoNeb 
n  (%)                          n (%) 

NUMBER  OF  PATIENTS 

761 

754                              765 

N  (%)  Patients  with  AE 

327  (43.0) 

329  (43,6)                     367  (48.0) 

BODV  AS  A  Whole                                                                                                | 

Pain 

8(1.1) 

4(0.5)                         10(1,3) 

Pain  chest 

11(1.4) 

14(1,9)                        20(2.6) 

Digestive 

Diarrhea 

5  (0,7) 

9(1.2)                         14(1,8) 

Dyspepsia 

7  (0.9) 

8(1.1)                         10(1,3) 

Nausea 

7  (0.9) 

6(0.8)                         11(1,4) 

Musculo-Skelhal                                                                                                        1 

Cramps  leg 

8(1.1) 

6(0.8)                         11(1,4)      1 

Respiratory                                                                                                                        | 

Bronchitis 

11  (1.4) 

13(1.7)                        13(1,7) 

Lung  Disease 

36  (4.7) 

34  (4.5)                        49  (6,4) 

Pharyngitis 

27  (3.5) 

27  (3,6)                          34  (4.4) 

Pneumonia 

7  (0.9) 

8(1.1)                         10(1,3) 

Urogenital                                                                                                                         | 

Infection  urinary  tract 

3  (0.4) 

9(1,2)                         12(1,6)      1 

Additional  adverse  reactions  reported  in  more  ttian  1%  of  patients  treated  with  DuoNeb  included  constipation 
and  voice  alterations- 

In  the  clinical  trial,  there  was  a  0  3%  incidence  of  possible  allergic-type  reactions,  including  skin  rash,  pruritus, 
and  urticaria. 

Additional  information  derived  from  the  published  literature  on  the  use  of  albuterol  sulfate  and  ipratropium  bro- 
mide singly  or  in  combination  includes  precipitation  or  worsening  of  narrow-angle  glaucoma,  acute  eye  pain, 
blurred  vision,  paradoxical  bronchospasm,  wheezing,  exacerbation  of  COPD  symptoms,  drowsiness,  aching, 
flushing,  upper  respiratory  tract  infection,  palpitations,  taste  perversion,  elevated  heart  rate,  sinusitis,  back  pain 
and  sore  throat 

DOSAGE  AND  ADMINISTRATION 

The  recommended  dose  of  DuoNeb  is  one  3  mL  vial  administered  4  times  per  day  via  nebulization  with  up  to 
2  additional  3  mL  doses  allowed  per  day,  if  needed  Safety  and  efficacy  of  additional  doses  or  increased  fre- 
quency of  administration  of  DuoNeb  beyond  these  guidelines  has  not  been  studied  and  the  safety  and  efficacy 
of  extra  doses  of  albuterol  sulfate  or  ipratropium  bromide  in  addition  to  the  recommended  doses  of  DuoNeb 
have  not  been  studied. 

The  use  of  DuoNeb  can  be  continued  as  medically  indicated  to  control  recurring  bouts  of  bronchospasm.  If  a 
previously  effective  regimen  fails  to  provide  the  usual  relief,  medical  advice  should  be  sought  immediately,  as 
this  is  often  a  sign  of  worsening  COPD.  which  would  require  reassessment  of  therapy, 
A  Pari -LC- PI  us''"  nebulizer  (with  face  mask  or  mouthpiece)  connected  to  a  PRONEB™  compressor  was  used  to 
deliver  DuoNeb  to  each  patient  in  one  U  S  clinical  study  the  safety  and  efficacy  of  DuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established, 

DuoNeb  should  be  administered  via  let  nebulizer  connected  to  an  air  compressor  with  an  adequate  air  flow. 
equipped  with  a  mouthpiece  or  suitable  face  mask. 
HOW  SUPPLIED 

DuoNeb  IS  supplied  as  a  3-mL  sterile  solution  for  nebulization  in  sterile  low-density  polyethylene  unit-dose  vials. 
Cards  of  five  vials  are  placed  into  a  foil  pouch.  Supplied  in  cartons  as  listed  below. 

NDC  49502-672-30  30  vials  per  carton 

NDC  49502-672-60  60  vials  per  carton 

Store  between  2"C  and  25X  (36°F  and  77T),  Protect  from  light, 
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DEY,  Napa,  CA  94558 
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May  2001 


1  Gross  N,  Tashkin  D.  Miller  R.  et  al.  Inhalation  by  nebulization  of  albuterol-ipratropium 
combination  (Dey  combination)  is  superior  to  either  agent  alone  in  the  treatment  of  chron- 
ic obstructive  pulmonary  disease.  Respiration,  1998;65:354-362 


If  all  patients  were  exactly  alike 
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.  .  you  wouldn't  need  UPAP's^  unique  TjControl      features 


But  of  course,  your  bilevel 
patients  are  unique  individuals. 
Many  have  inlermitlent  moulh 
leak  and  a  normal  pulmonary 
system  while  others  have  restric- 
tive or  obstructive  pulmonary 
disease.  Sophisticated  software 
algorithms  that  provide  auto- 
matic leak  management,  such  as 
VsyncT^^.  are  only  partially 
successful  in  maintaining  the 
correct  inspiratory  time  (Tj). 
With  VPAP  Us  TjCONTROL 
features,  YOU  have  the  control 
and  flexibility  to  manage 
different  disease  states.  VPAP  II 
series  bilevels  let  you  define  the 
breath-cycle  window.  This  level 
of  control  prevents  premature  or 
late  breath  cycling  while  still 
allowing  the  patient  to  flow-cycle 
when  conditions  are  right. 

Call  your  local  ResMed  represen- 
tative to  leam  more  about  how 
VPAP  II  series  bilevels  put  control 
and  flexibility  in  your  hands. 
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Editurials,  Commentaries,  and  Reviews  to  Note 

Depression,  Decision  Mailing,  and  the  Cessation  of  Life-Sustaining  Treatment — Rosenblatt 
L,  Block  SD.  West  J  Med  2001  Nov;l7?(5):320-325. 

Recommendations  for  End-of-Life  Care  in  the  Intensive  Care  Unit:  The  Ethics  Committee 
of  the  Society  of  Critical  Care  Medicine — Truog  RD,  Cist  AF,  Brackett  SE.  Bums  JP,  Curley 
MA,  Danis  M.  et  al.  Cint  Care  Med  2001  Dec;29(  121:2332-2348. 

How  to  Reduce  Smolving  Among  Teenagers  (editoiial) — Tonnesen  P.  Eur  Respir  J  2002 
Jan;  19(1):  1-3. 

Understanding  Cough  (editorial) — Morice  AH,  Widdicombe  J,  Dicpinigaitis  P,  Groenke  L.  Eur 
Respir  J  2002Jan;19(l):6-7. 

Analysis  of  Adherence  to  Peak  Flow  Monitoring  when  Recording  of  Data  Is  Electronic — 

Reddel  HK.  Toelle  BG,  Marks  GB,  Ware  SI,  Jenkins  CR,  Woolcock  AJ.  BMJ  2002  Jan 
19:324(7330):  146-147. 

Functional  Genomics  of  Sleep  and  Circadian  Rhythms — Sieck  GC.  J  Appl  Physiol  2002 
Jan;92(l):l-2. 


Patient  Self-Management  of  Acute  Asthma:  Adherence  to 
National  Guidelines  a  Decade  Later — Scarfone  RJ,  Zorc  JJ,  Capraro 
GA.  Pediatrics  2001  Dec;108(6):1332-1338. 

BACKGROUND  AND  OBJECTIVES:  Children  in  the  emergency 
department  (ED)  with  acute  asthma  were  enrolled  to  assess  the  impact 
of  asthma  on  their  activities  of  daily  living  and  evaluate  their  access  to 
care  and  preventive  strategies,  determine  the  proportion  who  adhered 
to  the  National  Heart,  Lung,  and  Blood  Institute  (NHLBI)  guidelines 
for  proper  steps  to  take  at  home  during  an  acute  asthma  exacerbation, 
and  compare  adherence  rates  for  those  with  persistent  and  mild  inter- 
mittent asthma,  DESIGN  AND  METHODS:  Children  2  to  18  years 
old  who  presented  to  the  Children's  Hospital  of  Philadelphia's  ED 
with  acute  asthma  exacerbations  were  enrolled  prospectively.  Parents 
and  patients  completed  the  108-item  Asthma  Exacerbation  Response 
Questionnaire  with  a  focus  on  determining  the  home  management 
steps  they  took  both  at  the  onset  of  the  asthma  exacerbation  and  just 
before  coming  to  the  ED.  RESULTS:  Among  the  433  children  stud- 
ied, 76%  had  at  least  I  doctor  visit,  75%  had  at  least  1  ED  visit,  and 
43%  had  at  least  1  hospitalization  for  asthma  in  the  preceding  12 
months.  Overall,  64%  had  persistent  asthma  by  NHLBI  criteria,  yet 
just  4%  were  cared  for  by  an  allergist  or  pulmonologist,  38%  took 
daily  anti-inflammatory  therapy,  and  18%  received  a  daily  inhaled 
corticosteroid.  Also.  48%'  did  not  use  a  holding  chamber  with  their 
metered-dose  inhalers,  and  66%^  did  not  use  their  peak  flow  meters. 
Regarding  exacerbation  response,  71%-  did  not  have  a  written  action 
plan,  and  89%  did  not  maintain  a  symptom  diary.  Both  at  the  onset  of 
whee/ing  and  just  before  coming  to  the  ED,  administration  of  a  Bj- 
agonist  was  the  only  step  that  the  majority  of  children  performed. 
One-third  or  fewer  followed  the  other  steps  recommended  by  the 
NHLBI,  including  using  a  peak  flow  meter,  beginning  oral  corticos- 
teroids, calling  or  going  to  see  the  doctor,  or  going  to  the  ED.  Chil- 
dren with  persistent  asthma  were  not  more  adherent  to  the  guidelines 
than  those  with  mild  intermittent  disease.  CONCLUSIONS:  Asthma 


has  a  significant  adverse  effect  on  the  lives  of  these  children.  The 
NHLBI  guidelines,  first  published  a  decade  ago,  were  designed  to 
reduce  asthma's  increasing  morbidity  and  mortality,  but  this  study 
uncovered  a  high  rate  of  nonadherence  with  many  aspects  of  the 
guidelines,  including  preventive  strategies  and  home  management  of 
an  exacerbation. 

Patient  Handling  of  a  Dry-Powder  Inhaler  in  Clinical  Practice — 

Epstein  S,  Maidenberg  A,  Hallett  D,  Khan  K,  Chapman  KR.  Chest 
2001  Nov;  120(5):  1480- 1484. 

BACKGROUND:  Multi-dose  dry-powder  inhalers  are  perceived  as 
being  easier  for  patients  to  use  than  conventional  pressurized  aerosol 
inhalers;  however,  no  study  has  determined  whether  patients  handle 
such  devices  adequately  and  whether  there  is  a  need  for  patient  educa- 
tion in  this  area.  METHOD:  We  used  trained  observers  lo  assess  the 
handling  of  a  specific  multi-dose  dry  powder  inhaler  (Turbuhaler; 
AstraZeneca  Canada;  Mississauga,  ON)  by  patients  currently  using 
the  device  for  the  management  of  their  asthma.  Fourteen  discrete  steps 
were  scored  independently  by  two  observers  simultaneously.  Patients 
were  divided  into  two  groups  for  analysis:  those  who  had  received 
formal  instruction  in  the  use  of  the  inhaler  at  The  Asthma  Centre  and 
those  who  had  received  no  formal  instruction  in  the  community. 
RESULTS:  There  was  no  significant  difference  between  the  formally 
trained  groups  and  control  groups  in  the  percentage  of  handling  steps 
performed  correctly  (79%-  vs  78%-,  respectively;  p  >  0.05).  Fewer  than 
50%  of  patients  in  both  groups  demonstrated  optimal  breath-holding 
when  using  the  device.  CONCLUSION:  Patient  handling  of  Tur- 
buhaler was  generally  good,  with  no  evidence  that  a  structured  educa- 
tion intervention  offered  an  advantage  over  the  usual  education  inci- 
dental to  the  prescribing  or  dispensing  process.  The  most  common 
handling  flaw,  suboptimal  breath-holding,  is  not  specific  to  this 
device  and  is  of  uncertain  clinical  significance. 
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Clinical  Course  and  Outcome  of  Patients  Admitted  to  an  ICU  for 
Status  Asthmaticus — Afessa  B,  Morales  I.  Cury  JD  Chest  2001 
Nov;120(5):1616-1621. 

STUDY  OBJECTIVES:  To  describe  the  prognostic  factors,  clinical 
course,  and  outcome  of  patients  with  status  asthmaticus  treated  in  a  medi- 
cal ICU  (MICU).  DESIGN:  Analysis  of  prospective  data.  SETTING:  A 
multidisciplinary  MICU  of  an  inner-city  university  hospital.  PATIENTS: 
We  collected  data  on  132  hospital  admissions  of  89  patients  with  status 
asthmaticus  treated  in  our  MICU  from  August  1995  through  July  1998. 
MEASUREMENTS:  APACHE  (acute  physiology  and  chronic  health 
evaluation)  II  scores  were  among  the  parameters  measured.  RESULTS: 
Seventy-nine  percent  of  the  patients  were  female,  and  67%  were  African 
American  (mean  ±  SD  age.  42.4  ±  15.1  years).  Patients  in  48  of  the  132 
hospital  admissions  (36%)  required  invasive  mechanical  ventilation;  sep- 
sis developed  in  patients  during  17  hospital  admissions  (13%),  nonpul- 
monary  organ  failure  developed  during  16  hospital  admissions  (12%), 
and  ARDS  developed  during  2  hospital  admissions  (2%).  Pneumothorax 
developed  in  four  patients  and  required  tube  thoracostomy  in  all  four 
patients.  The  median  APACHE  II  score  was  1 1.  Predicted  mortality  and 
actual  mortality  were  6.7^^  and  8.3%.  respectively.  The  two  most  com- 
mon immediate  causes  of  death  were  pneumothora,\  (n  =  3)  and  nosoco- 
mial infection  (n  =  3).  All  the  deaths  occurred  in  female  patients.  Com- 
pared with  survivors,  nonsurvivors  had  higher  APACHE  II  scores 
(median,  26  vs  15;  p  <  0.0001),  Paco:  (63.8  ±  21.3  mm  Hg  vs  47.8  ±  19.1 
mm  Hg.  p  =  0.0101 ),  and  lower  arterial  pH  (7.09  ±  0. 1 2  vs  7.27  ±  0. 12,  p 
<  0.0001).  respectively.  Patients  in  10  of  48  hospital  admissions  (21%) 
who  required  mechanical  ventilation  died.  CONCLUSIONS:  The  hospi- 
tal mortality  of  patients  admitted  to  an  MICU  for  status  asthmaticus  is 
higher  than  expected.  Higher  APACHE  II  score  and  Paco;  and  lower  arte- 
rial pH  within  24  h  of  hospital  admission  are  associated  with  increased 
mortality.  Sepsis  and  nonpulmonary  organ  failure  are  more  likely  to 
develop  in  nonsurvivors  than  survivors. 

Prospective  Randomized  Trial  Comparing  Oxygen  Administration 
During  Nasal  Flexible  Bronchoscopy:  Oral  vs  Nasal  Delivery — 

.McCain  TW.  Dunagan  DP,  Adair  NE,  Chin  R  Jr.  Chest  2001 
Nov;120(5):1671-1674. 

STUDY  OBJECTIVES:  To  determine  the  optimal  method  of  delivering 
supplemental  oxygen  during  flexible  bronchoscopy  (FB).  DESIGN: 
Prospective  study.  SETTING:  University  medical  center.  PATIENTS: 
Ninety-seven  consecutive  patients  undergoing  outpatient  nasal  FB  during 
a  7-month  period.  INTERVENTION:  During  FB,  delivery  of  oxygen  was 
alternated  weekly  and  administered  by  nasal  cannula  either  nasally  (52 
patients)  or  orally  (45  patients).  Prior  to  the  procedure,  patients  com- 
pleted a  questionnaire  regarding  oral  or  nasal  breathing  preferences,  his- 
tory of  sinus  disease,  allergy  history,  and  perceived  degree  of  nasal  con- 
gestion. RESULTS:  Comparison  of  oxygen  delivery  groups 
demonstrated  no  significant  difference  in  oxygen  requirements  (4.1 
L/min  nasal  vs  3.8  L/min  oral,  p  =  0.63),  overall  saturation  nadir  (90.9% 
nasal  vs  91.4%  oral,  p  =  0.85),  or  average  saturation  (95.8%  nasal  vs 
95.7%  oral,  p  =  0.57).  No  correlation  between  subjective  symptoms  or 
sinus  or  allergy  history  was  found  for  oxygen  requirements,  average  satu- 
ration, or  saturation  nadir.  CONCLUSIONS:  These  data  suggest  that  dur- 
ing nasal  FB.  no  discernible  difference  exists  between  administration  of 
oxygen  using  cannulas  placed  either  nasally  or  orally. 

The  Role  of  Continuous  Positive  Airway  Pressure  in  the  Treatment 
of  Congestive  Heart  Failure — Yan  AT,  Bradley  TD.  Liu  PP.  Chest 
2001  Nov;120(5):1675-1685. 

Congestive  heart  failure  (CHF)  is  a  serious  medical  condition  frequently 
associated  with  sleep-related  breathing  disorders,  which  remain  under- 
diagnosed and  undertreated.  Recent  studies  have  provided  important 


insight  into  the  pathophysiology  of  sleep  apnea  syndrome  in  patients  with 
CHF,  with  potential  therapeutic  implications.  In  addition  to  abolition  of 
sleep  apnea,  continuous  positive  airway  pressure  (CPAP)  treatment  can 
improve  cardiac  function  and  relieve  symptoms  of  CHF.  Postulated 
mechanisms  include  beneficial  hemodynamic  effects  on  ventricular 
remodeling,  unloading  of  fatigued  respiratory  muscles,  and  neurohor- 
monal  modulation.  Although  medium-term  studies  using  CPAP  to  treat 
sleep-related  breathing  disorders  associated  with  CHF  have  been  encour- 
aging, more  definitive  data  from  ongoing  large  clinical  trials  are  neces- 
sary to  clarify  its  therapeutic  role. 

The  Safety  of  Inactivated  Influenza  Vaccine  in  Adults  and  Children 
with  Asthma—  N  Engl  J  Med  2001  Nov  22;345(21):  1529- 1536. 

BACKGROUND:  Influenza  causes  substantial  morbidity  in  adults  and 
children  with  asthma,  and  vaccination  can  prevent  influenza  and  its  com- 
plications. However,  there  is  concern  that  vaccination  may  cause  exacer- 
bations of  asthma.  METHODS:  To  investigate  the  safety  of  the  inacti- 
vated trivalent  split-virus  influenza  vaccine  in  adults  and  children  with 
asthma,  we  conducted  a  multicenter,  randomized,  double-blind,  placebo- 
controlled,  cross-over  trial  in  2032  patients  with  asthma  (age  range,  3  to 
64  years).  The  order  of  injection  of  vaccine  and  placebo  was  assigned 
randomly,  with  a  mean  of  22  days  between  the  injections.  Each  day  dur- 
ing the  two  weeks  after  each  injection,  the  patients  recorded  peak  expira- 
tory flow  rates,  symptoms  thought  to  be  related  to  the  injection,  use  of 
asthma  medications,  unscheduled  health  care  visits  for  asthma,  and 
asthma-related  absences  from  school  or  work.  The  primary  outcome  mea- 
sure was  an  exacerbation  of  asthma  in  the  two  weeks  after  the  injections. 
RESULTS:  The  frequency  of  exacerbations  of  asthma  was  similar  in  the 
two  weeks  after  the  influenza  vaccination  and  after  placebo  injection 
(28.8  percent  and  27.7  percent,  respectively:  absolute  difference,  1.1  per- 
cent; 95  percent  confidence  interval,  -1.4  percent  to  3.6  percent).  The 
exacerbation  rates  were  similar  in  subgroups  defined  according  to  age, 
severity  of  asthma,  and  other  factors.  Among  symptoms  thought  to  be 
associated  with  the  injection,  only  body  aches  were  more  frequent  after 
the  vaccine  injection  than  after  placebo  injection  (25.1  percent  vs.  20.8 
percent.  p<0.001 ).  CONCLUSIONS:  The  inactivated  influenza  vaccine  is 
safe  to  administer  to  adults  and  children  with  asthma,  including  those 
with  severe  asthma.  Given  the  morbidity  of  influenza,  all  those  with 
asthma  should  receive  the  vaccine  annually. 

Quality  of  Care  and  Outcomes  of  Adults  with  .Asthma  Treated  by 
Specialists  and  Generalists  in  Managed  Care — Wu  AW,  Young  Y, 
Skinner  EA,  Diette  GB,  Huber  M,  Peres  A,  Steinwachs  D.  Arch  Inlem 
Med  2001  Nov  26;161(21):2554-2560. 

BACKGROUND:  The  growth  of  managed  health  care  in  the  United 
States  has  been  accompanied  by  controls  on  access  to  specialty  physician 
services.  We  examined  the  relationship  of  physician  specialty  to  treat- 
ment and  outcomes  of  patients  with  asthma  in  managed  care  plans. 
METHODS:  We  conducted  a  mail  survey  of  adult  asthma  patients  who 
were  enrolled  in  12  managed  care  organizations  and  had  at  least  2  con- 
tacts for  asthma  ( International  Classification  of  Diseases,  Ninth  Revision, 
Clinical  Modification  code  493.x)  during  the  previous  24  months;  we 
also  surveyed  their  treating  physicians.  This  report  concerns  1954 
patients  and  their  1078  corresponding  physicians.  Treatment  indicators 
included  use  of  corticosteroid  inhalers,  use  of  peak  flow  meters,  allergy 
evaluation,  discussion  of  triggers,  and  patient  self-management  knowl- 
edge. Outcoine  measures  included  canceled  activities,  hospitalization  or 
emergency  department  visits,  asthma  attacks,  workdays  lost,  asthma 
symptoms,  physical  and  mental  health,  overall  satisfaction  with  asthma 
care,  and  satisfaction  with  communication  with  physicians  and  nurses. 
RESULTS:  Significant  differences  were  noted  for  patients  of  specialists 
and  experienced  generalists  compared  with  those  of  generalist  physi- 
cians. Peak  flow  meter  possession  was  reported  by  41 .9%-  of  patients  of 


382 


Respiratory  Care  .  April  2002  Vol  47  No  4 


ozinn  takes  the  pressure  off... 

^itn   IIS  AbK  ror  vvmaows' 

Jses  the  Oscillometric  Method-No  Electrodes  or  Microphones 

Remotely  Programmable-No  need  to  be  at  the  Computer 

Day  /  Night  Analysis  and  Hourly  BP  Summaries 

Jmall  and  Lightweight,  yet  it 
itores  up  to  300  Readings 

\sk  us  about  NEW  reimbursement  for  WCH* 
md  Complete  CPT  Code  information 

lompare  Two  Separate  BP  Profiles 
md  Averaged  BP  versus  Heart  Rate 


>JOW,  transfer  ABP  Data  via  the  Internet 


You  can  see  us  at 

Booth  #1039 

,     at-^^PE     .; 
"•.   in  San  Diego    •" 


And  at 
Booth  #520 

at  Focus  in 

St.  Louis 


Vhite  Coayjypertension 

Circle  1 29  on  prodtict  information  cord 


-^ 


From  repairing  all  makes  of  recorders  lo  designing, 

testing  &  manufacturing  our  own. 

Rozinn  is  now  the  world's  sales  leader. 


Launched  the  energy-efficient  RZI51 

Cassette  Holter  Recorder  and  Holter  for  Windows'. 

Introduced  the  Taskmaster*. 


Introduced  Digital  Recorders  with 

Removable  Memory  &  TRUE  1 2Lead  ECC, 

NetScan'VNetLink"  Became  ISO  Certified 


1999  2000 


IntroduceutneCardTo  ID  Digital  Recorder 

with  LCD  screen  (in  13  languages), 

the  MAP  Software  Program  and  HOjlter+  (SpOj). 


Just  in  time  for  the  long-awaited  reimbursement  of 
ABPM,  Rozinn  introduces  ABP  via  the  Internet, 

the  latest  advancement  in  ABPM. 

For  more  information,  call  us  at 


(718-386-5526) 

Fax:  7I8-366-4574  •  www.rozinn.com 

71-22  Myrtle  Ave  ■  Clendale,  NY  1 1385-7254 

European:  Rozinn.de  Medizintechnik  GmbH 

Germany  .  (49)  2366-938380 

ROZiNN 

The  genius  of  simplicity 

r^Sc^  and  Netljnk  arc  tradenuilcs,  and  TASKMASTER  is  a  regiumd  tradema^ 
of  Rozinn  EJecuontcs,  \nc.  Wndows  is  a  regrtWfed  trademarV  of  M»crosoft  Cofp. 


Abstracts 


generalists,  51.7%  of  patients  of  experienced  generalists.  and  53.8%  of 
patients  of  pulmonologists  or  allergists.  Compared  with  patients  of  gener- 
alists, outcomes  were  significantly  better  for  patients  of  allergists  with 
regard  to  canceled  activities,  hospitalizations  and  emergency  depanment 
visits  for  asthma,  quality  of  care  ratings,  and  physical  functioning. 
Patients  of  pulmonologists  were  more  likely  to  rate  improvement  in 
symptoms  as  very  good  or  excellent.  CONCLUSIONS:  In  a  managed 
health  care  setting,  physicians'  specialty  training  and  self-reported  exper- 
tise in  treating  asthma  were  related  to  better  patient-reported  care  and  out- 
comes. 

Effectiveness  of  a  Computer-Tailored  Smoking  Cessation  Program: 
A  Randomized  Trial — Etter  JF.  Perneger  TV.  Arch  Intern  Med  2001 

Nov26;161(21)::596-2601. 

BACKGROUND:  From  a  public  health  perspective,  prevention  of  cancer 
and  cardiovascular  diseases  requires  effective  smoking  cessation  programs 
that  can  be  used  on  a  large  scale.  OBJECTIVE:  To  test  the  effectiveness  of 
a  new  computer-tailored  smoking  cessation  program  vs  no  intervention.  METH- 
ODS: Randomized  controlled  trial,  in  the  French-speaking  part  of  Switzer- 
land. September  20.  1998.  to  December  3 1 .  1999.  Potential  participants  were 
randomly  selected  from  a  general  population  register  and  recruited  by  mail. 
Daily  cigarette  smokers  who  wished  to  participate  (N  =  2934)  were  randomized 
to  either  the  program  or  no  intervention.  A  mean  of  1 .5  times  per  6  months, 
participants  in  the  active  arm  received  by  mail  a  computer-tailored  coun- 
seling letter  based  on  their  answers  to  a  questionnaire  and  stage-matched  book- 
lets. The  counseling  letters  were  tailored  to  the  participants'  stage  of  change 
(categorized  as  precontemplation  [no  intention  of  quitting  smoking  in  the 
next  6  months],  contemplation  [seriously  considers  quitting  in  the  next  6 
months],  or  preparation  [has  decided  to  quit  in  the  next  30  days] ).  level  of 
tobacco  dependence,  self-efficacy,  and  personal  characteristics.  The  outcome 
measure  was  self-reported  abstinence  (nopuff  of  tobacco  smoke  in  the  past 
4  weeks)  7  months  after  entry  into  the  program.  RESULTS:  Abstinence  was 
2.6  times  greater  in  the  intervention  group  than  in  the  control  group  (5.8% 
vs  2.2%.  p<0.0OI ).  The  program  was  effective  in  "precontemplators"  who 
were  not  motivated  to  quit  smoking  at  baseline  (intervention  vs  control.  3.8% 
vs  0.8%;  p  =0.001 )  and  was  effective  regardless  of  perceived  difficulty  in 
quitting  smoking  at  baseline.  CONCLUSIONS:  The  program  was  effective 
in  increasing  smoking  cessation  rates.  Because  it  can  reach  a  large  number 
of  smokers,  this  program  can  substantially  contribute  to  disease  prevention 
at  a  population  level. 

Simple  Office  Spirometry— Petty  TL.  Clin  Chest  Med  2001 
Dec;22(4):845-859. 

Spirometric  measurements  are  as  fundamental  to  medicine  as  are  mea- 
surements of  pulse,  blood  pressure,  temperature,  height,  and  weight. 
Spirometric  measurements  should  be  considered  important  vital  signs. 
Any  deviations  from  "normal"  measurements  can  point  primary  care 
physicians  toward  the  use  of  behavioral  modification  or  effective  phar- 
macologic agents  to  prevent  or  forestall  their  patients'  premature  morbid- 
ity and  mortality  from  many  disease  states,  including  premature  deaths 
from  all  causes. 

The  Use  of  Pulmonary  Function  Testing  in  Piloting,  Air  Travel, 
Mountain  Climbing,  and  Diving — Dillard  TA.  Ewald  FW  Jr.  Clin 
Chest  Med  2001  Dec;22(4):795-8I6. 

Millions  of  people  engage  in  occupational  or  leisure  activities  at  high  alti- 
tude or  at  variable  depths  below  sea  level.  This  article  presents  an 
overview  of  the  utility  of  pulmonary  function  testing  in  evaluating  com- 
plications and  other  consequences  of  exposure  to  high  and  low  pressure 
environments.  The  authors  review  recent  literature  concerning  expected 
changes  in  pulmonary  function  with  hyperbaric  and  hypobaric  exposures. 
The  article  provides  guidance  for  clinicians  evaluating  mountain 


climbers,  pilots,  aircrew  members,  airline  passengers  and  deep  sea  divers. 

The  Efficacy  of  a  New  Salbutamol  Metered-Dose  Powder  Inhaler  in 
Comparison  with  Two  Other  Inhaler  Devices — Seppala  OR.  Aalto  E. 
Annila,  Hakonen  T,  Lukkari-Lax  E,  Jouhikainen  T,  et  al.  Respir  Med 
2001  Dec;95(I2):949-953. 

An  open  cross-over  and  randomized  study  was  carried  out  in  order  to 
compare  the  efficacy  and  safety  of  inhaled  salbutamol  delivered  from  a 
new  50  ng  dose  '  metered-dose  dry  powder  inhaler  Taifun,  and  a  com- 
mercially available  50  pg  dose'  dry  powder  inhaler  Turbuhaler,  and  a 
conventional  100  microg  dose  '  pressurized  metered-dose  inhaler  with  a 
spacer  (pMDI+S).  Twenty-one  patients,  aged  21-70  years,  with  stable 
asthma  and  with  demonstrated  reversibility  upon  inhalation  of  salbutamol 
were  included  in  the  study.  On  three  separate  study  days,  the  patients 
received  a  total  dose  of  400  pg  of  salbutamol  from  the  dry  powder 
inhalers  and  a  dose  of  800  |jg  from  the  pMDI-i-S  in  a  cumulative  fashion: 
1.1.2  and  4  doses  at  30  min  intervals.  The  percent  change  in  forced  expi- 
ratory volume  in  1  sec  (FEV| ).  was  used  as  the  primary  efficacy  variable. 
Salbutamol  inhaled  via  the  Taifun  produced  greater  bronchodilation  than 
the  other  devices.  The  difference  in  percent  change  in  FEV|  between  the 
Taifun  and  the  other  devices  was  statistically  significant  at  the  two  first 
dose  levels,  but  diminished  towards  the  higher  doses  when  the  plateau  of 
the  dose-response  curve  was  reached.  The  estimated  relative  dose 
potency  of  the  Taifun  was  approximately  1.9-  and  2.8-fold  compared  to 
the  Turbuhaler  and  the  pMDI-^S,  respectively.  The  Taifun  caused  a  slight, 
but  clinically  insignificant,  decrease  in  serum  potassium  concentration. 
There  were  no  significant  changes  in  the  other  safety  parameters  (blood 
pressure,  heart  rate  and  electrocardiogram  recordings)  with  any  of  the 
used  devices.  In  conclusion,  this  study  indicates  that  salbutamol  inhaled 
via  the  Taifun  is  more  potentthan  salbutamol  inhaled  from  the  other 
devices  tested.  In  practise,  a  smaller  total  dose  of  salbutamol  from  the 
Taifun  is  needed  to  produce  a  similar  bronchodilatory  response.  All  treat- 
ments were  equally  well  tolerated. 

Inspired  COi  and  Oi  in  Sleeping  Infants  Rebreathing  from  Bedding: 
Relevance  for  Sudden  Infant  Death  Syndrome — Patel  AL,  Harris  K. 
Thach  BT.  J  Appl  Physiol  2001  Dec;9l(6):2537-2545. 

Some  infants  sleep  facedown  for  long  periods  with  no  ill  effects,  whereas 
others  become  hypoxemic.  Rebreathing  of  expired  air  has  been  deter- 
mined by  CO:  measurement;  however,  O:  levels  under  such  conditions 
have  not  been  determined.  To  evaluate  this  and  other  factors  influencing 
inspired  gas  concentrations,  we  studied  21  healthy  infants  during  natural 
sleep  while  facedown  on  soft  bedding.  We  measured  gas  exchange  with 
the  environment  and  bedding,  ventilatory  response  to  rebreathing.  and 
concentrations  of  inspired  CO;  and  O;.  Two  important  factors  influenc- 
ing inspired  gas  concentrations  were  1 )  a  variable  seal  between  bedding 
and  infants'  faces  and  2)  gas  gradients  in  the  bedding  beneath  the  infants, 
with  Oi-poor  and  COj-rich  air  nearest  to  the  face,  fresher  air  distal  to  die 
face,  and  larger  tidal  volumes  being  associated  with  fresher  inspired  air. 
Minute  ventilation  increased  significantly  while  rebreathing  because  of 
an  increase  in  tidal  volume,  not  frequency.  The  measured  drop  in  inspired 
O;  was  significantly  greater  than  the  accompanying  rise  in  inspired  COj. 
This  appears  to  be  due  to  effects  of  the  respiratory  exchange  ratio  and  dif- 
ferential tissue  solubilities  of  CO2  and  O;  during  unsteady  conditions. 

Automated  External  Denbrillators:  Technical  Considerations  and 
Clinical  Promise — Takata  TS.  Page  RL.  Joglar  JA.  Ann  Intern  Med 
2001  Dec4;135(lI):990-998. 

Early  defibrillation  is  the  most  important  determinant  of  survival  for  vic- 
tims of  cardiac  arrest  due  to  ventricular  fibrillation.  The  automated  exter- 
nal defibrillator  (AED)  was  developed  as  the  result  of  the  American  Heart 
Association's  Public  Access  Defibrillation  initiative.  The  goal  of  this  ini- 
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tiative  is  to  place  AEDs  in  strategic  locations  so  that  laypersons  with  min- 
imal training  could  promptly  defibrillate  victims  of  cardiac  arrest. 
Because  of  changes  in  design  and  the  use  of  alternative  waveforms  for 
defibrillation,  the  modern  AED  is  compact  and  portable,  simple  to  use. 
and  highly  efficacious;  in  addition,  it  requires  little  maintenance.  Auto- 
mated external  defibrillators  have  been  used  successfully  by  traditional 
and  nontraditional  responders  as  well  as  laypersons.  In  special  environ- 
ments, such  as  casinos  and  commercial  aircraft.  AEDs  have  performed 
particularly  well.  State  and  federal  legislation  has  eased  concerns  about 
AED  use  by  extending  legal  protection  to  AED  users  under  Good  Samar- 
itan laws.  Since  the  experience  continues  to  be  positive.  AEDs  are  being 
used  in  increasingly  diverse  community  locations,  and  public  awareness 
is  growing.  The  American  Heart  Association's  initiative  is  progressing 
rapidly. 

As.sessing  Pain  In  Critically  III  Sedated  Patients  by  Using  a  Behav- 
ioral Pain  Scale — Payen  JF.  Bru  O.  Bosson  JL.  Lagrasta  A.  Novel  E. 
Deschaux  I.  et  al.  Crit  Care  Med  2001  Dec:29(  12):22.S8-2263. 

OBJECTIVE;  To  establish  the  validity  and  reliability  of  a  new  behavioral 
pain  scale  (BPS)  for  critically  ill  sedated  adult  patients.  DESIGN: 
Prospective  evaluation.  SETTING:  Ten-bed  trauma  and  surgical  inten- 
sive care  unit  in  a  university  teaching  hospital.  PATIENTS:  Thirty 
mechanically  ventilated  patients  who  were  receiving  analgesia  and  seda- 
tion. INTERVENTION:  Assessments  with  the  BPS  were  completed  con- 
secutively at  standardized  times  (morning,  afternoon,  night)  by  pairs  of 
evaluators  (nurse  and  nurse's  aide).  They  collected  physiologic  parame- 
ters and  BPS  results  before  and  during  care  procedures:  nonnociceptive 
(group  1.  compression  stockings  application  and  central  venous  catheter 
dressing  change),  nociceptive  (group  2,  endotracheal  suctioning  and 
mobilization),  and  retested  nociceptive  (group  3).  The  BPS  score  was  the 
sum  of  three  items  that  had  a  range  score  of  1-4:  facial  expression,  move- 
ments of  upper  limbs,  and  compliance  with  mechanical  ventilation. 
MEASUREMENTS  AND  MAIN  RESULTS:  Two  hundred  and  sixty 
nine  assessments  were  completed,  including  104.  134,  and  31  measure- 
ments in  groups  I,  2  and  3,  respectively.  There  was  no  difference  in  Ram- 
say scale  scores  between  the  three  groups  (Ramsay  4-6).  Nociceptive 
stimulations  (group  2)  resulted  in  significantly  higher  BPS  values  than 
nonnociceptive  ones  (group  1.  4.9  vs.  3.5,  p  <0.0I),  whereas  the  two 
groups  had  comparable  BPS  values  before  stimulation  (3.1  vs.  3.0).  A 
trend  was  found  in  group  2  between  the  dosage  of  sedation/analgesia  and 
BPS:  the  higher  the  dosage,  the  lower  BPS  values  and  BPS  changes  to 
nociceptive  stimulation.  Group  3  had  BPS  values  similar  to  group  2  at 
rest  (3.2  vs.  3.2)  and  during  the  procedure  (4.4  vs.  4.5).  with  good  inter- 
rater  correlations  (r2  =  0.71  and  0.50.  respectively).  CONCLUSIONS: 
These  results  indicate  that  the  expression  of  pain  can  be  scored  validly 
and  reliably  by  using  the  BPS  in  sedated,  mechanically  ventilated 
patients.  Further  studies  are  warranted  regarding  the  utility  of  the  BPS  in 
making  clinical  decisions  about  the  use  of  analgesic  drugs  in  the  intensive 
care  unit. 

Optimizing  Timing  of  Ventricular  Deflbrillation — Marn-Pernat  A, 
Harry  Weil  M,  Tang  W,  I'ernat  A.  Bisera  J.  Crit  Care  Med  2001 
Dec;29(12):2360-2365. 


institute.  SUBJECTS:  Domestic  pigs.  INTERVENTIONS:  Ventricular 
fibrillation  was  induced  in  an  established  porcine  model  of  cardiac  arrest. 
Recordings  of  scalar  lead  2  over  the  frequency  range  of  4-48  Hz  were  uti- 
lized. The  area  under  the  curve  representing  the  amplitude  and  frequency 
was  defined  as  the  amplitude  spectrum  area  (AMSA).  MEASURE- 
MENTS AND  MAIN  RESULTS:  A  derivation  group  of  55  animals 
yielded  a  threshold  value  of  AMSA  that  uniformly  predicted  successful 
resuscitation.  A  separate  group  of  10  animals,  a  validation  group,  con- 
firmed that  an  AMSA  value  of  21  mV.Hz  predicted  restoration  of  perfus- 
ing rhythm  after  7  of  8  electrical  shocks  and  failure  of  electrical  conver- 
sion in  21  of  23  electrical  shocks,  yielding  sensitivity  and  specificity  of 
about  90%.  The  negative  predictive  value  of  AMSA  was  959c  and  statisti- 
cally equivalent  to  that  of  coronary  perfusion  pressure,  mean  amplitude, 
and  median  frequency.  The  positive  predictive  value  that  would  prompt 
continuation  of  cardiopulmonary  resuscitation  without  interruption  for  an 
unsuccessful  deflbrillation  attempt  was  greatly  improved  with  AMSA 
(78%)  as  compared  with  coronary  perfusion  pressure  (42%).  mean  ampli- 
tude (32%).  and  median  frequency  (29%).  CONCLUSION:  AMSA  has 
the  potential  for  guiding  more  optimal  timing  of  deflbrillation  without 
adverse  interruption  of  cardiopulmonary  resuscitation  or  the  delivery  of 
unsuccessful  high  energy  electrical  shocks  that  contribute  to  postresusci- 
tation  myocardial  injury. 

Methacholine  Challenge:  Test-Shortening  Procedures — Cockcroft 
DW.  Marciniuk  DD.  Hurst  TS.  Cotton  DJ.  Laframboise  KF.  McNab  BD, 
Skomro  RP.  Chest  2001  Dec;i20(6):1857-1860. 

STUDY  OBJECTIVES:  Validation  of  test-shortening  procedures  for  the 
2-min  tidal  breathing  methacholine  challenge  method.  DESIGN:  Retro- 
spective chart  review.  SETTING;  Tertiary-care  university  clinical  pul- 
monary function  laboratory.  PATIENTS;  One  thousand  subjects  aged  10 
to  85  years  (mean  ±  SD.  -14.5  ±  16.0  years).  44.5%  male,  referred  for 
methacholine  challenge.  INTERVENTION;  Two-minute  tidal  breathing 
methacholine  challenge  was  perfomied,  with  both  physician  and  techni- 
cian access  to  published  test-shortening  procedures.  ME.^SUREMENTS 
AND  RESULTS:  There  were  315  positive  test  results  (provocative  con- 
centration of  methacholine  causing  a  20%  fall  in  FEV|  [PC20]  2  8 
mg/mL)  and  685  negative  test  results.  The  subjects  with  positive  test 
results  were  less  likely  to  be  male  (39.1  vs  47.5%;  p  <  0.02)  and  had 
lower  FEV|  (91.8  ±  14.9%  predicted  vs  97.2  ±  13.9%  predicted:  p  < 
0.00 1).  The  average  starting  PCiq  was  between  0.5  mg/mL  and  1.0 
mg/mL;  the  most  common  PCjn  was  1  mg/mL  (67%).  There  were  431 
skipped  concentrations  in  380  subjects.  The  mean  number  of  metha- 
choline inhalations  was  3.7  ±  1.1  (3.9±0.l  for  negative  test  results  vs  3.3 
±  1.2  for  positive  test  results:  p  <  0.001 ).  Eighteen  subjects  had  a  >  20% 
FEV|  fall  on  the  first  inhalation,  and  1 1  subjects  had  a  >  20%  FEV|  fall 
after  a  skipped  concentration.  In  only  one  case  (0.1%)  an  FEV|  fall  > 
40%  on  the  first  concentration  was  reported,  compared  with  no  cases  after 
a  skipped  concentration  and  seven  cases  with  a  >  40%  FEV|  fall  after  a 
routine  doubling  dose  step-up.  CONCLUSIONS;  The  2-min  tidal  breath- 
ing methacholine  test  in  clinical  practice  can  be  safely  shortened  to  an 
average  of  less  than  four  inhalations  using  starting  concentrations  based 
on  FEV|.  asthma  medication,  and  clinical  features,  and  by  occasionally 
omitting  concentrations. 


OBJECTIVE:  Our  intent  was  to  evolve  a  prognosticator  that  would  pre- 
dict the  likelihood  that  an  electrical  shock  would  restore  a  perfusing 
rhythm.  Such  a  prognosticator  was  to  be  based  on  conventional  electro- 
cardiographic signals  but  without  constraints  caused  by  artifacts  resulting 
from  precordial  compression.  The  adverse  effects  of  "hands  off'  intervals 
for  rhythm  analyses  would  therefore  be  minimized.  Such  a  prognosticator 
was  further  intended  to  reduce  the  number  of  electrical  shocks  and  the 
total  energy  delivered  and  thereby  minimize  postresuscitation  myocardial 
dysfunction.  DESIGN:  Observational  study.  SUBJECTS:  Medical 
research  laboratory  of  a  university-affiliated  research  and  educational 


Prevalence  of  Insomnia  .Symptoms  in  Patients  with  Sleep-Disordered 
Breathing — Krakow  B.  Melendrez  D.  Ferteira  E,  Clark  J,  Warner  TD, 
Sisley  B,  Sklar  D.  Chest  2001  Dec:  1 20(6):  1 923- 1 929. 

OBJECTIVE;  To  assess  the  prevalence  of  insomnia  symptoms  in  patients 
with  objectively  diagnosed  sleep-disordered  breathing  (SDB).  DESIGN; 
Retrospective  medical  chart  review  of  a  representative  sample  of  patients 
with  SDB,  SETTING:  University  sleep-disorders  clinic  and  laboratory. 
PATIENTS:  Two  hundred  thirty-one  patients  with  SDB  were  selected 
from  a  pool  of  approximately  2.000  patients  with  sleep  disorders.  MEA- 
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SUREMENTS:  Data  were  extracted  from  intake  questionnaires  and 
polysomnographic  studies.  RESULTS:  Of  231  patients  with  SDB  diag- 
noses, 1 15  patients  reported  no  insomnia  complaints  (SDB-only  patients) 
and  116  patients  reported  clinically  meaningful  insomnia  complaints 
(SDB-plus  patients).  Compared  to  SDB-only  patients,  SDB-plus  patients 
reported  significantly  worse  mean  sleep  characteristics  consistent  with 
insomnia,  including  sleep  latency  (17  min  vs  65  min),  total  sleep  time 
(7.2  h  vs  5.6  h),  and  sleep  efficiency  (92'7f  vs  75*^).  SDB-plus  patients 
e.xperienced  significantly  more  psychiatric  disorders,  cognitive-emo- 
tional symptoms,  and  physical  and  mental  symptoms  that  disrupted  or 
prevented  sleep.  SDB-plus  patients  also  reported  greater  use  of  sedative 
and  psychotropic  medications  and  had  significantly  more  primary  com- 
plaints of  insomnia,  restless  legs  or  leg  jerks,  and  poor  sleep  quality 
despite  having  relatively  similar  referral  rates  for  sleep  apnea  or  com- 
plaints of  loud  snoring.  CONCLUSIONS:  Problematic  insomnia  symp- 
toms were  reported  by  50%  of  a  representative  sample  of  patients  with 
objectively  diagnosed  SDB.  Research  is  needed  to  delemiine  the  degree 
to  which  insomnia  and  related  symptoms  and  behaviors  interfere  with 
SDB  treatment. 

Modannil  As  Adjunct  Therapy  for  Daytime  Sleepiness  in  Obstruc- 
tive Sleep  Apnea — Pack  AI,  Black  JE,  Schwartz  JR,  Matheson  JK.  Am 
J  Respir  Crit  Care  Med  2001  Nov  1;164(9):1675-1681. 

Patients  with  obstructive  sleep  apnea/hypopnea  syndrome  can  experi- 
ence residual  daytime  sleepiness  despite  regular  use  of  nasal  continuous 
positive  airway  pressure  therapy.  This  randomized,  double-blind, 
placebo-controlled,  parallel  group  study  assessed  the  efficacy  and 
safety  of  modafinil  for  the  treatment  of  residual  daytime  sleepiness  in 
such  patients.  Patients  received  modafinil  (n  =  77)  (200  mg/d.  Week  1; 
400  mg/d.  Weeks  2  to  4)  or  matching  placebo  (n  =  80)  once  daily  for  4 
wk.  Modafinil  significantly  improved  daytime  sleepiness,  with  signifi- 
cantly greater  mean  changes  from  baseline  in  Epworth  Sleepiness  Scale 
scores  at  Weeks  1  and  4  (p  <  0.001 )  and  in  multiple  sleep  latency  times 
(MSLT)  at  Week  4  (p  <  0.05).  The  percentage  of  patients  with  normal- 
ized daytime  sleepiness  (Epworth  score  <  10)  was  significantly  higher 
with  modafinil  (51%)  than  with  placebo  (27%)  (p  <  0.01),  but  not  for 
MSLT  (>  10  min;  29%  versus  25%).  Headache  (modafinil,  23%; 
placebo,  11%;  p  =  0.044)  and  nervousness  (modafinil,  12%;  placebo, 
3%;  p  =  0.024)  were  the  most  common  adverse  events.  During 
modafinil  or  placebo  treatment,  the  mean  duration  of  nCPAP  use  was 
6.2  h/night,  with  no  significant  change  from  baseline  observed  between 
groups.  Modafinil  may  be  a  useful  adjunct  treatment  for  the  manage- 
ment of  residual  daytime  sleepiness  in  patients  with  obstructive  sleep 
apnea/hypopnea  syndrome  who  are  regular  users  of  nasal  continuous 
positive  airway  pressure  therapy. 

Asthma  Is  Associated  with  Weight  Gain  in  Females  but  Not  Males, 
Independent  of  Physical  Activity — Beckett  WS,  Jacobs  DR  Jr,  Yu  X, 
Iribarren  C,  Williams  OD.  Am  J  Respir  Crit  Care  Med  2001  Dec 
l;164(ll):2045-2050. 

We  tested  whether  asthma  diagnosis  is  associated  with  weight  gain  and 
physical  activity  in  4,547  18  to  30-yr-old  African  American  and  white 
men  and  women,  followed  prospectively  for  up  to  10  yr.  Baseline 
asthma  was  most  frequent  in  African  American  men.  Incident  asthma 
was  more  frequent  in  women.  Incident  asthma  was  associated  with 
highest  and  lowest  baseline  and  change  in  body  mass  index  (BMl ),  in  a 
J-shaped  curve,  after  adjustment  for  other  factors.  When  stratified  by 
sex,  this  association  was  seen  only  in  females.  Subjects  on  average 
decreased  physical  activity  and  gained  weight  over  time,  but  there  was 
no  significant  difference  in  asthma  prevalence  by  physical  activity  at 
baseline  or  asthma  incidence  by  change  in  physical  activity.  Cigarette 
smoking  in  females  was  significantly  associated  with  asthma  incidence, 
but  serum  cotinine  level  at  baseline  among  nonsmokers  (reflecting 


environmental  tobacco  smoke  [ETS]  exposure)  was  not  significantly 
associated  with  asthma.  We  conclude  that  gain  in  BMl  predisposes  to 
new  asthma  diagnosis  in  female  young  adults,  but  decreased  physical 
activity  does  not  explain  the  association  of  weight  gain  with  asthma. 

Understanding  Adherence  to  Hand  Hygiene  Recommendations: 
The  Theory  of  Planned  Behavior — O' Boyle  CA,  Henly  SJ,  Larson  E. 
Am  J  Infect  Control  2001  Dec;29(6):352-360. 

BACKGROUND:  Most  health  care  workers  (HCWs)  are  aware  of  the 
rationale  for  hand  hygiene  procedures,  yet  failure  to  adhere  to  guide- 
lines is  common.  Little  is  known  about  factors  that  motivate  HCWs  to 
practice  hand  hygiene.  PURPOSE:  The  purposes  of  this  study  were  to 
( 1)  estimate  adherence  to  hand  hygiene  recommendations;  (2)  describe 
relationships  among  motivational  factors,  adherence,  and  intensity  of 
nursing  unit  activity;  and  (3)  test  an  explanatory  model  for  adherence  to 
hand  hygiene  guidelines  based  on  the  theory  of  planned  behavior 
(TPB).  METHOD:  A  longitudinal,  observational  design  was  used  to 
collect  data  from  120  registered  nurses  employed  in  critical  care  and 
postcritical  care  units.  Nurses  provided  information  about  motivational 
factors  and  intentions  and  a  self-report  of  the  proportion  of  time  they 
followed  guidelines.  At  least  2  weeks  later,  the  nurses'  hand  hygiene 
performance  was  observed  while  they  provided  patient  care.  Structural 
equation  modeling  was  used  to  test  the  TPB-based  model.  RESULTS: 
Rate  of  adherence  to  recommendations  for  1248  hand  hygiene  indica- 
tions was  70%.  The  correlation  between  self-reported  and  observed 
adherence  to  handwashing  recommendations  was  low  (r  =  0.21).  TPB 
variables  predicted  intention  to  handwash,  and  intention  was  related  to 
self-reported  hand  hygiene.  Intensity  of  activity  in  the  nursing  unit, 
rather  than  TPB  variables,  predicted  observed  adherence  to  hand 
hygiene  recommendations.  CONCLUSIONS:  The  limited  association 
between  self-reported  and  observed  hand  hygiene  scores  remains  an 
enigma  to  be  explained.  Actual  hand  hygiene  behavior  may  be  more 
sensitive  to  the  intensity  of  work  activity  in  the  clinical  setting  than  to 
internal  motivational  factors. 

Development  of  a  Self-Reported  Chronic  Respiratory  Question- 
naire (CRQ-SR)— Williams  JE,  Singh  SJ,  Sewell  L,  Guyatt  GH,  Mor- 
gan MD.  Thorax  2001  Dec;56(12);954-959. 

BACKGROUND:  The  Chronic  Respiratory  Questionnaire  (CRQ)  is  an 
established  measure  of  health  status  for  chronic  obstructive  pulmonary 
disease  (COPD).  It  has  been  found  to  be  reproducible  and  sensitive  to 
change,  but  as  an  interviewer  led  questionnaire  is  very  time  consuming 
to  administer.  A  study  was  undertaken  to  develop  a  self-reported  ver- 
sion of  the  CRQ  (CRQ-SR)  and  to  compare  the  results  of  this  question- 
naire with  the  conventional  interviewer  led  CRQ  (CRQ-IL).  METH- 
ODS: Fifty  two  patients  with  moderate  to  severe  COPD  participated  in 
the  study.  Subjects  completed  the  CRQ-SR  1  week  after  completing  the 
CRQ-IL,  and  a  further  CRQ-SR  was  administered  1  week  later.  For 
patients  in  group  A  (n=27)  the  dyspnoea  provoking  activities  that  they 
had  previously  selected  were  transcribed  onto  the  second  CRQ-SR, 
while  patients  in  group  B  (n=25)  were  not  informed  of  their  previous 
dyspnoea  provoking  activities  when  they  completed  the  second  CRQ- 
SR.  To  assess  the  short  term  reproducibility  and  reliability  of  the  CRQ- 
SR  it  was  then  administered  twice  at  an  interval  of  7-10  days  to  a  further 
group  of  21  patients.  The  CRQ-IL  was  not  administered.  Longer  term 
reproducibility  was  examined  in  39  stable  patients  who  completed  the 
CRQ-SR  at  initial  assessment  and  then  again  7  weeks  later.  RESULTS; 
Mean  scores  per  dimension,  mean  differences,  and  limits  of  agreement 
are  given  for  each  dimension  in  the  comparison  of  the  two  question- 
naires. There  were  no  statistically  significant  differences  between  the 
CRQ-IL  and  CRQ-SR  in  the  mastery  and  fatigue  dimensions  (p>0.05). 
A  statistically  significant  difference  between  the  two  scores  was  found 
in  the  dyspnoea  dimension  (p=0.006)  and  the  emotional  function 
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dimension  (p=0.04).  bul  these  differences  were  well  within  the  mini- 
mum clinically  important  threshold.  No  statistically  significant  differ- 
ence in  the  mean  dyspnoea  score  was  seen  between  groups  A  and  B.  The 
CRQ-SR  was  found  to  be  reproducible  both  in  the  short  term  and  after  the 
longer  period  of  7  weeks,  with  no  statistically  or  clinically  significant  dif- 
ferences in  any  dimension.  Test-retest  reliability  was  found  to  be  high  in 
each  dimension,  both  in  the  short  and  longer  term.  CONCLUSIONS:  The 
CRQ-SR  is  a  reproducible,  reliable,  and  stable  measure  of  health  status.  It 
compares  well  with  the  CRQ-IL  but  cannot  be  used  interchangeably.  The 
main  advantage  of  the  CRQ-SR  over  the  CRQ-IL  is  that  is  quick  to 
administer,  reducing  assessment  time  and  hence  cost. 

In-Hospital  Short-Term  Training  Program  for  Patients  with  Chronic 
Airway  Obstruction — Clini  E.  Foglio  K.  Bianchi  L,  Porta  R,  Vitacca  M. 
Ambrosino  N.  Chest  2001  Nov;120(5l:  1500-1505. 

OBJECTIVE:  To  compare  the  functional  benefits  and  relative  costs  of 
administering  an  intense  short-term  inpatient  vs  a  longer  outpatient  pul- 
monary rehabilitation  program  (PRP)  for  patients  with  chronic  airway 
obstruction  (CAO).  DESIGN:  Retrospective  case-control  study.  SET- 
TING: Pulmonary  ward  and  outpatient  clinic  of  a  rehabilitation  center. 
PATIENTS:  Forty-three  patients  (case  subjects)  selected  on  the  basis  of 
selection  criteria  were  compared  with  control  subjects  matched  to  them 
for  age,  sex,  FEVi.  and  diagnosis  of  either  COPD  or  asthma.  Case  sub- 
jects performed  10  to  12  daily  sessions  (5  sessions  a  week)  of  inpatient 
PRP;  control  subjects  performed  20  to  24  sessions  (3  sessions  a  week)  of 
outpatient  PRP.  MEASUREMENTS:  At  baseline  and  after  the  PRP,  an 
incremental  exercise  test  was  performed,  including  evaluation  of  dyspnea 
and  leg  fatigue  by  Borg  scale  (D  and  F.  respectively)  at  each  workload 
step.  The  cost  of  PRP  was  also  evaluated.  RESULTS:  Both  PRPs  resulted 
in  similar  significant  improvements  in  cycloergometry  peak  workload 
(from  68  ±  18  to  82  ±  22  and  from  75  ±  17  to  87  ±  27  W  in  case  subjects 
and  control  subjects,  respectively),  isoload  D  (from  6.4  ±  1.6  to  4.2  ±  1.8 
for  case  subjects  and  from  8.5  +  1.9  to  6.3  ±  2.4  for  control  subjects)  and 
isoload  F  (from  6.6  ±  1.8  to  4.2  ±  1.8  for  case  subjects  and  from  8.9  ±  1.9 
to  7.0  ±  1 .8  for  control  subjects).  Although  the  single  daily  session  was 
less  expensive,  the  outpatient  PRP  total  costs  were  greater  because  of  the 
higher  number  of  sessions  and  the  cost  of  daily  transportation.  CONCLU- 
SIONS: In  patients  with  CAO,  a  shorter  inpatient  PRP  may  result  in 
improvement  in  exercise  tolerance  similar  to  a  longer  outpatient  PRP  but 
with  lower  costs.  Whether  a  shorter  outpatient  PRP  may  get  physiologic 
and  clinical  benefits,  while  further  reducing  costs,  must  be  evaluated  by 
future  controlled,  randomized,  prospective  studies. 

Use  of  Glass  Capillaries  Avoids  the  Time  Changes  in  High  Blood 
PO2  Observed  with  Plastic  Syringes — d'Ortho  MP.  Delclaux  C.  Zerah 
F,  HerigaultR.  AdnotS,  Harf  A.  Chest  2001  Nov;120(5):1651-1654. 

STUDY  OBJECTIVES:  In  adults,  arterial  blood  samples  are  usually 
drawn  using  plastic  syringes.  In  contrast  to  glass  syringes,  plastic 
syringes  let  oxygen  diffuse  through  their  wall.'  This  results  in  Pqt 
changes  during  storage,  especially  when  Pqi  is  high.  An  alternative  to 
glass  syringes  is  the  Microsampler  (Roche  Diagnostics:  Schaffhausen, 
Switzerland),  a  commercially  available  device  consisting  of  a  hep- 
arinized  glass  capillary  fitted  with  a  26-gauge  needle  and  used  to  collect 
arterial  blood  in  the  same  way  as  a  plastic  syringe  fitted  with  a  needle. 
DESIGN:  We  evaluated  the  performance  of  the  Roche  Microsampler  for 
storing  arterial  blood  in  view  of  Pq,  measurement,  comparatively  with 
glass  and  plastic  syringes.  Five  approximate  initial  Po:  levels  (650,  400. 
200,  130,  and  80  mm  Hg)  and  two  storage  temperatures  (ambient  tem- 
perature and  4  °  C)  were  studied.  SETTINGS:  Bench  study.  RESULTS: 
Plastic  syringes  allowed  reliable  measurement  of  P02  values  when  initial 
Pqi  was  too  low  to  ensure  complete  hemoglobin  oxygen  saturation,  but 
were  associated  with  time-dependent  underestimation  of  Pq-,  at  higher 
initial  Pqi  values.  No  such  underestimation  occurred  with  the  Roche 


Microsampler  stored  at  4  °  C  for  up  to  1  h  for  all  Po;  levels  studied. 
CONCLUSION:  The  Roche  Microsamplers  appeared  to  be  reliable 
devices  in  preventing  oxygen  diffusion. 

Transtracheal  Oxygenation:  An  Alternative  to  Endotracheal  Intu- 
bation During  Cardiac  Arrest — Ayoub  IM.  Brown  DJ.  Gazmuri  RJ. 
Chest  2001  Nov;120(5):  1663-1670. 

STUDY  OBJECTIVES:  Because  efforts  to  secure  adequate  arterial 
oxygenation  during  cardiac  resuscitation  are  more  important  than 
efforts  to  promote  CO:  elimination,  we  investigated  whether  continu- 
ous transtracheal  oxygenation  (TTO)  could  represent  a  potentially  sim- 
pler alternative  to  conventional  positive-pressure  ventilation  with  100% 
O;  through  an  endotracheal  tube.  DESIGN:  Controlled  and  randomized. 
SETTING:  Animal  laboratory.  PARTICIPANTS:  Thirty  male  Sprague- 
Dawley  rats.  INTERVENTIONS:  The  technique  for  TTO  was  initially 
developed  and  tested  in  five  rats.  A  model  of  ventricular  fibrillation 
(VF)  was  then  used  to  compare  the  effects  of  TTO  (n  =  5)  with  the 
effects  of  O2  delivery  through  an  endotracheal  tube  as  part  of  positive- 
pressure  ventilation  (n  =  5)  or  through  a  mask  without  additional  airway 
intervention  (n  =  5).  VF  was  induced  and  left  untreated  for  4  min,  after 
which  chest  compression  and  one  of  the  three  oxygenation  interven- 
tions was  started.  Defibrillation  was  attempted  after  6  min  of  chest  com- 
pression. In  a  subsequent  series,  defibrillation  was  attempted  after  10 
min  of  chest  compression  in  rats  treated  with  either  TTO  (n  =  5)  or 
endotracheal  intubation  (ET;  n  =  5).  MEASUREMENT  AND 
RESULTS:  TTO  and  ET  secured  adequate  arterial  Pq;  during  chest 
compression  (213  ±  77  mm  Hg  and  154  ±  36  mm  Hg;  not  significant), 
whereas  the  mask  yielded  an  arterial  Pq:  of  only  49  ±  38  mm  Hg  (p  < 
0.05).  Each  rat  treated  with  TTO  or  ET  was  successfully  resuscitated 
and  survived  the  postresuscitation  interval,  but  none  of  the  rats  treated 
with  the  mask  survived.  TTO  maintained  its  efficacy  after  increased 
duration  of  chest  compression.  CONCLUSION:  TTO  was  as  effective 
as  conventional  positive-pressure  ventilation  with  100%  O2  for  secur- 
ing oxygenation,  resuscitation,  and  short-term  survival  and  more  effec- 
tive than  Oi  delivered  through  a  mask. 

Parental  Education  and  Guided  Self-Management  of  Asthma  and 
Wheezing  in  the  Pre-School  Child:  A  Randomised  Controlled 
Trial — Stevens  CA,  Wesseldine  LJ,  Couriel  JM,  Dyer  AJ,  Osman  LM, 
Silverman  M.  Thorax  2002  Jan;57(  1  ):39-44. 

BACKGROUND:  The  effects  on  morbidity  were  examined  of  providing 
an  educational  intervention  and  a  written  guided  self-management  plan  to 
the  parents  of  pre-school  children  following  a  recent  attendance  at  hospi- 
tal for  asthma  or  wheeze.  METHODS:  A  prospective,  randomised,  par- 
tially blinded,  controlled  trial  was  designed  at  two  secondary  care  centres. 
Over  a  13  month  period  200  children  aged  18  months  to  5  years  at  the 
time  of  admission  to  a  children's  ward  or  attendance  at  an  accident  and 
emergency  department  or  children's  (emergency!  assessment  unit 
(A&E/CAU)  with  a  primary  diagnosis  of  acute  severe  a.sthma  or  wheez- 
ing were  recruited.  101  children  were  randomised  into  the  control  group 
and  received  usual  care  and  99  were  assigned  to  the  intervention  group 
and  received:  (Da  pre-school  asthma  booklet;  (2)  a  written  guided  self- 
management  plan;  and  (3)  two  20  minute  structured  educational  sessions 
between  a  specialist  respiratory  nurse  and  the  parent(s)  and  child.  Sub- 
jects were  assessed  at  3.  6.  and  12  months.  The  main  outcomes  were  GP 
consultation  rates,  hospital  re-admissions,  and  attendances  at  A&E/CAU. 
Secondary  outcomes  included  disability  score,  caregivers'  quality  of  life, 
and  parental  knowledge  of  asthma.  RESULTS:  There  were  no  statisti- 
cally significant  differences  between  the  two  groups  during  the  12  month 
follow  up  period  for  any  of  the  main  or  secondary  outcome  measures. 
CONCLUSIONS:  These  results  do  not  support  the  hypothesis  that  the 
introduction  of  an  educational  package  and  a  written  guided  self-manage- 
ment plan  to  the  parents  of  pre-school  children  with  asthma  who  had 
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receiilh  aiiended  hospital  tor  troublesome  asthma  or  wheeze  reduces 
morbidity  over  the  subsec|iient  1 2  months. 

Non-lll^asi^^'  Proportional  Assist  and  Pressure  Support  Ventilation 
in  Patients  witli  Cystic  Fibrosis  and  Chronic  Respiratory  Failure — 

Serra  A,  Polese  G.  Braggion  C.  Rossi  A.  Thorax  2002  Jan;57(  1  ):50-54. 

BACKGROUND:  Patients  with  advanced  cystic  tlbrosis  can  benefit  from 
non-invasive  positive  pressure  ventilation  (NPPV)  for  the  treatment  of 
acute  decompensation  as  well  as  for  the  management  of  chronic  respira- 
tory failure.  This  study  was  undertaken  to  compare  the  physiological 
effects  of  non-invasive  proportional  assist  ventilation  ( PAV )  and  pressure 
support  ventilation  (PSV)  on  ventilatory  pattern,  transcutaneous  blood 
gas  tensions,  and  diaphragmatic  effort  in  stable  patients  with  cystic  fibro- 
sis and  chronic  CO:  retention.  METHODS:  In  12  patients  two  periods  of 
spontaneous  breathing  were  followed  randomly  by  PSV  (12(3)  cm  HiO) 
and  PAV  (flow  assist  4.9  (1 .3)  cm  HiO/L  •  s,  volume  assist  1 8.9  (5. 1)  cm 
H:0/Ll  set  for  the  patient's  comfort  and  administered  for  40  minutes  with 
2  cm  H:0  continuous  positive  airway  pressure.  Ventilatory  pattern,  tran- 
scutaneous blood  gas  tensions,  and  surface  diaphragmatic  electromyogra- 
phy were  measured  in  the  last  10  minutes  of  each  application.  RESULTS: 
On  average,  both  PSV  and  PAV  improved  ventilation  (+30'/r).  tidal  vol- 
ume (-t-30%).  and  transcutaneous  CO;  (-7%)  while  reducing  diaphrag- 
matic activity  (-30%  with  PSV,  -20%  with  PAV).  Mean  inspiratory  air- 
way pressure  was  lower  during  PAV  than  during  PSV  (9.7  ( 1 .9)  and  12.9 
(2.7)  cm  HiO,  respectively:  p<0.05).  The  mean  coefficient  of  variation  of 
tidal  volume  was  about  20%  (range  1 1-39%)  during  spontaneous  breath- 
ing and  did  not  change  with  either  PAV  or  PSV.  CONCLUSIONS:  These 
results  show  that  short  term  administration  of  nasal  PAV  and  PSV  to 
patients  with  stable  cystic  fibrosis  with  chronic  respiratory  insufficiency 
is  well  tolerated,  improves  ventilation  and  blood  gas  tensions,  and 
unloads  the  diaphragm. 

The  Pulmonary  Physician  in  Critical  Care:  Towards  Comprehensive 
Critical  Care?— Griffiths  MJ.  Evans  TW.  Thora.x  2002  Jan:57(  I  ):77- 
78. 

This  overview  of  intensive  care  medicine  in  Europe  and  the  United  States 
is  an  introduction  to  the  review  .series  on  "The  Pulmonary  Physician  in 
Critical  Care"  which  starts  in  this  issue  of  Thorax. 

The  Pulmonary  Physician  in  Critical  Care  1:  Pulmonary  Investiga- 
tions for  Acute  Respiratory  P'ailure — Dakin  J.  Griffiths  M.  Thorax 
2002Jan;.'i7(l):79-85. 

This  is  the  first  in  a  series  of  reviews  of  the  role  of  the  pulmonary  physi- 
cian in  critical  care  medicine.  The  investigation  of  mechanically  venti- 
lated patients  is  discussed,  with  particular  reference  to  those  presenting 
with  acute  respiratory  failure  and  diffuse  pulmonary  infiltrates. 

Validity  of  Pulse  Oximetry  During  Maximal  Ex'ercise  in  Normoxia, 
Hypoxia,  and  Hyperuxia — Yamaya  Y.  Bogaard  HJ.  Wagner  PD. 
Nii/eki  K,  Hopkins  SR.  J  AppI  Physiol  2002  Jan;92(  I  ):I62-168. 

During  exercise,  pulse  oximetry  is  problematic  due  to  motion  artifact  and 
altered  digital  perfusion.  New  pulse  oximeter  technology  addresses  these 
issues  and  may  offer  improved  performance.  We  simultaneously  com- 
pared Nellcor  N-39?  (Oxismart  XL"')  pulse  oximeters  with  an  RS-IO 
forehead  sensor  (RS-IO).  a  D-25  digit  sensor  (D-2.'i).  and  the  Ivy  2000 
(Masimo  SET""')/LNOP-Adt  digit  sensor  (Ivy)  to  arterial  blood  oxygen 
saturation  (SaO;)  by  cooximetry.  Nine  normal  subjects,  six  athletes,  and 
four  patients  with  chronic  disease  exercised  to  maximum  oxygen  con- 
sumption (Voimox)  under  various  conditions  [normoxia.  hypoxia  inspired 
oxygen  fraction  (Fio;)  =  0.  I2.'i;  hyperoxia.  Fio:  =  10|.  Regression  analy- 
sis for  normoxia  and  hypoxic  data  was  performed  (n  =  Ifil  observations. 


S.,o;  =  73-99.9%).  and  bias  iB)  and  precision  (P)  were  calculated.  RSIO 
offered  greater  validity  than  the  other  two  devices  tested  (y  =  l.009x  - 
0.52.  R-  =  0.90.  B±P  =  0.3  ±  2.5).  Finger  sensors  had  low  precision  and  a 
significant  negative  bias  (D-25:  y  =  1 .004x  -  2.327,  R-  =  0.52.  B±P  =  -2.0 
±  7,3;  Ivy:  y  =  l.237x  -  24.2.  R-  =  0.78,  B±P  =  -2.0  ±  5.2).  Eliminating 
measurements  in  which  heart  rate  differed  by  >I0  beats/min  from  the 
electrocardiogram  value  improved  precision  minimally  and  did  not  affect 
bias  substantially  (B±P  =  0.5  ±  2.0.  -1.8  ±  8.4.  and  -1.2.5+4.33  for  RS-IO. 
D-25,  and  Ivy,  respectively).  Signal  detection  algorithms  and  pulse 
oximeter  were  identical  between  RS-IO  and  D-25:  thus  the  improved  per- 
formance of  the  forehead  sensor  is  likely  because  of  sensor  location.  RS- 
IO  should  be  considered  for  exercise  testing  in  which  pulse  oximetry  is 
desirable. 

Heliox  Therapy  in  Infants  with  Acute  Bronchiolitis — Martinon-Torres 
F.  Rodriguez-Nunez  A,  Martinon-Sanchez  JM.  Pediatrics  2002 
Jan;l09(l):68-73. 

OBJECTIVE:  To  assess  the  therapeutic  effects  of  breathing  a  low-density 
gas  mixture  (heliox:  70%  helium  and  30%  oxygen)  in  infants  with  bron- 
chiolitis. DESIGN:  Prospective.  inter\'entional.  comparative  study.  SET- 
TING: A  pediatric  intensive  care  unit  (PICU)  in  a  tertiary  care,  teaching 
hospital.  PATIENTS:  Thirty-eight  infants.  I  month  to  2  years  old.  con- 
secutively admitted  to  the  PICU  for  treatment  of  moderate-to-severe 
acute  respiratory  syncytial  virus  bronchiolitis.  INTERVENTIONS:  The 
first  19  patients  were  enrolled  as  the  control  group  and  received  support- 
ive care  and  nebulized  epinephrine.  In  the  next  19  patients,  heliox  therapy 
was  added  through  a  nonrebreather  reser\oir  face  mask.  Measurements 
and  Outcomes.  Respiratory  distress  score,  respiratory  rate,  heart  rate, 
end-tidal  CO;  (etCO;).  and  pulse  oximetry  oxygen  saturation  (satO;)  val- 
ues were  recorded  at  baseline  and  at  regular  intervals.  Data  obtained  dur- 
ing the  first  4  hours  were  analyzed  for  comparison  purposes.  Demo- 
graphic data,  age,  time  elapsed  from  the  start  of  the  symptoms  to  the 
admission  to  PICU,  length  of  stay  in  PICU  (PICU-LOS),  and  duration  of 
heliox  therapy  were  also  collected  for  each  patient.  Reductions  in  clinical 
scores  and  PICU-LOS  were  considered  primary  outcomes.  Main  Results. 
At  baseline,  the  heliox  and  control  groups  had  similar  age  (5.5  ±  3.1  vs 
5.9  ±  3  months),  previous  length  of  course  (47.3  ±  19.3  vs  45.4  ±  18.6 
hours),  clinical  score  (6.7  ±  I.I  vs  6.6  ±  1 1.  heart  rate  ( 160  ±  24  vs  165  ± 
20  beats  per  minute),  respiratory  rate  (64  ±  7  vs  61  ±  7  respirations  per 
minute).  satO;  (91  ±  2.3  vs  91  ±  2.57f ).  and  etCO;  (34  ±  7  vs  33  ±  6  mm 
Hg).  Clinical  score,  heart  rate,  respiratory  rate,  and  satO;  improved  dur- 
ing the  study  in  both  groups.  After  I  hour,  the  improvement  in  clinical 
score  was  significantly  higher  in  the  heliox  group  than  in  the  control 
group  (3.6  ±  1,16  vs  5,5  ±  0.89),  and  these  differences  continued  to  be 
significant  at  the  end  of  the  observation  period  (2.39  ±  0.69  and  4.07  ± 
0.96.  respectively),  with  a  total  average  decrease  in  the  score  of  4.2  points 
in  the  heliox  group  versus  2.5  points  in  the  control  group.  Heart  and  respi- 
ratory rates  were  also  significantly  lower  in  the  heliox  group  compared 
with  the  control  group  after  I  hour  and  stayed  lower  throughout  the  rest 
of  the  study  period.  No  changes  were  noted  either  in  satO;  between 
groups  or  in  etCO;  within  or  between  groups  throughout  the  study.  Mean 
duration  of  heliox  administration  was  53  ±  24  hours  (range:  24-112 
hours)  and  no  adverse  effects  were  detected.  PICU-LOS  was  significantly 
shorter  in  the  heliox  group  (3.5  ±  1.1  days)  than  in  the  control  group  (5.4 
±  1.6  days).  CONCLUSIONS:  In  infants  with  moderate-to-severe  respi- 
ratory syncytial  virus  bronchiolitis,  heliox  therapy  enhanced  their  clinical 
respiratory  status,  according  to  the  marked  improvement  in  their  clinical 
scores  and  the  reduction  of  the  accompany  ing  tachycardia  and  tachypnea. 
This  beneficial  response  occurred  within  the  first  hour  of  its  administra- 
tion and  was  maintained  as  long  as  heliox  therapy  continued.  In  addition. 
PICU-LOS  was  reduced  in  heliox-treated  patients.  Long-term  pro,spec- 
tive  studies  are  required  to  corroborate  these  findings  and  to  establish  the 
proper  place  of  heliox  in  the  therapeutic  schedule  of  bronchiolitis. 
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Permissive  Hypercapnia  in  Neonates:  The  Case  of  the  Good,  the  Bad, 
and  the  Ugly — Varughese  M.  Patole  S,  Shama  A.  Whitehall  J,  Pediatr 
Pulmonol  200:  Jan;33(  1  ):36-64. 

Advances  in  neonatology  have  resulted  in  an  increase  in  the  absolute 
number  ot  survivors  with  chronic  lung  disease  (CLD).  though  its  overall 
incidence  has  not  changed.  Though  the  single  most  iinporlant  high-risk 
factor  for  CLD  is  prematurity,  the  focus  of  attention  has  recently  changed 
over  to  minimizing  the  impact  of  other  two  risk  factors:  baro/volutrauma 
related  to  mechanical  ventilation,  and  oxygen  toxicity.  Permissive  hyper- 
capnia (PHC)  or  controlled  ventilation  is  a  strategy  that  minimizes 
baro/volutrauma  by  allowing  relatively  high  levels  of  arterial  CO:,  pro- 
vided the  arterial  pH  does  not  fall  below  a  preset  minimal  value.  The  ben- 
efits of  PHC  are  primarily  mediated  by  the  reduction  of  lung  stretch  that 
occurs  when  tidal  volumes  are  minimized.  PHC  can  be  a  deliberate 
choice  to  restrict  ventilation  in  order  to  avoid  overdistention.  while  appli- 
cation of  high  airway  pressures  and  large  tidal  volumes  would  permit  nor- 
mocapnia, or  relative  hypocapnia  (Pjco:-  2  25-30  mm  Hg),  but  may  result 
in  CLD  and  be  harmful  to  the  developing  lung.  The  current  concept  that 
PaCO;  levels  of  45-55  mm  Hg  in  high-risk  neonates  are  "safe"  and  "well 
tolerated"  is  based  on  limited  data.  Further  prospective  trials  are  needed 
to  study  the  definition,  safety  and  efficacy  of  PHC  in  ventilated  preterm 
and  term  neonates.  However,  designing  disease/gestational-postnatal 
age-specific  clinical  trials  of  PHC  will  be  difficult  in  neonates,  given  the 
diverse  pathophysiology  of  their  diseases  and  the  various  ventilatory 
modes/variables  currently  available.  The  potential  benefits  and  adverse 
effects  of  PHC  are  reviewed,  and  its  relationship  to  current  ventilatory 


strategies  like  synchronized  mechanical  ventilation  and  high-frequency 
ventilation  in  high-risk  neonates  is  briefly  discussed. 

Effect  of  Preoperative  Smoking  Intervention  and  Postoperative 
Complications:  A  Randomised  Clinical  Trial — Moller  AM.  Villebro 
N.  Pedersen  T.  Tonnesen  H.  Lancet  2002  Jan  1 2:359(9301 ):  114-11 7. 

BACKGROUND:  Sinokers  are  at  higher  risk  of  cardiopulmonary  and 
wound-related  postoperative  coiTiplications  than  non-smokers.  Our  aim 
was  to  investigate  the  effect  of  preoperative  smoking  intervention  on  the 
frequency  of  postoperative  complications  in  patients  undergoing  hip  and 
knee  replacement.  METHODS:  We  did  a  randomised  trial  in  three  hospi- 
tals in  Denmark.  120  patients  were  randomly  assigned  (i-8  weeks  before 
scheduled  surgery  to  either  the  control  ln=60l  or  smoking  intervention 
(60)  group.  Smoking  intervention  was  counselling  and  nicotine  replace- 
ment therapy,  and  either  smoking  cessation  or  at  least  509r  smoking 
reduction.  An  assessor,  who  was  iiiasked  to  the  intervention,  registered 
the  occurrence  of  cardiopulmonary,  renal,  neurological,  or  surgical  com- 
plications and  duration  of  hospital  admittance.  The  main  analysis  was  by 
intention  to  treat.  FINDINGS:  Eight  controls  and  four  patients  from  the 
intervention  group  were  excluded  from  the  final  analysis  because  their 
operations  were  either  postponed  or  cancelled.  Thus.  52  and  56  patients, 
respectively,  were  analysed  for  outcome.  The  overall  complication  rate 
was  187r  in  the  smoking  intervention  group  and  529c  in  controls 
(p=0.0003l.  The  most  significant  effects  of  intervention  were  seen  for 
wound-related  coinplications  (5'/r  vs  3[7c.  p=0.001).  cardiovascular 
complications  (09r  vs  10%,  p=0.08),  and  secondary  surgery  (4%  vs  1 5'^, 
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p=0.()7).  The  median  length  of  stay  was  1 1  days  (range  7-55)  in  the  inter- 
vention group  and  13  days  (8-651  in  the  control  group.  INTERPRETA- 
TION: An  effective  smoking  inter\ention  programme  6-8  weeks  before 
surgery  reduces  postoperative  morbidity,  and  we  recommend,  on  the 
basis  of  our  results,  this  programme  be  adopted. 

Brief  Intervention  During  Hospital  Admission  to  Help  Patients  to 
Give  Up  Smoking  After  Myocardial  Infarction  and  Bypass  Surgery: 
Randomised  Controlled  Trial— Hajek  P.  Taylor  TZ.  Mills  P.  BMJ 
2002  Jan  l2;324(7329):87-89. 

OBJECTIVE:  To  evaluate  a  smoking  cessation  intervention  that  can  be 
routinely  delivered  to  smokers  admitted  w  ith  cardiac  problems.  DESIGN: 
Randomised  controlled  trial  of  usual  care  compared  with  intervention 
delivered  on  hospital  wards  by  cardiac  rehabilitation  nurses.  SETTING: 
Inpatient  wards  in  17  hospitals  in  England.  PARTICIPANTS:  540  smok- 
ers admitted  to  hospital  after  myocardial  infarction  or  for  cardiac  bypass 
surgery  who  expressed  interest  in  stopping  smoking.  INTERVENTION: 
Brief  verbal  advice  and  standard  booklet  (usual  care).  Intervention  lasting 
20-30  minutes  including  carbon  mono.xide  reading,  special  booklet,  quiz, 
contact  with  other  people  giving  up,  declaration  of  commitment  to  give 
up.  sticker  in  patient's  notes  (intervention  group).  MAIN  OUTCOME 
MEASURES:  Continuous  abstinence  at  six  weeks  and  12  months  deter- 
mined by  self  report  and  by  biochemical  validation  at  these  end  points. 
Feasibility  of  the  intervention  and  delivery  of  its  components.  RESULTS: 
After  six  weeks  151  (59%)  and  159  (60'7f )  patients  remained  abstinent  in 
the  control  and  intervention  group,  respectively  (p=0.84).  After  12 
months  the  figures  were  102  (41'/r)  and  94  (37%)  (p=0.40).  Recruitment 
was  slow,  and  delivery  of  the  intervention  was  inconsistent,  raising  con- 
cerns about  the  feasibility  of  the  intervention  within  routine  care.  Patients 
who  received  the  declaration  of  commitment  component  were  almost 
twice  as  likely  to  remain  abstinent  than  those  who  did  not  receive  it 
(p<0.01).  Low  dependence  on  tobacco  and  high  motivation  to  give  up 
were  the  main  independent  predictors  of  positive  outcome.  Patients  who 
had  had  bypass  surgery  were  over  twice  as  likely  to  return  to  smoking  as 
patients  who  had  had  a  myocardial  infarction.  CONCLUSIONS:  Single 
session  interventions  delivered  within  routine  care  may  have  insufficient 
power  to  influence  highly  dependent  smokers.  See  accompanying  edito- 
rial: Helping  Patients  in  Hospital  to  Quit  Smoking:  Dedicated  Coun- 
selling Services  Are  Effective — Others  Are  Not.  West  R.  BMJ  2002  Jan 
12:324(7329j:64. 

Recovery  Rate  and  Prognosis  in  Older  Persons  Who  Develop  Acute 
Lung  Injury  and  the  .■\cute  Respiratory  Distress  Syndrome — Ely 

EW.  Wheeler  AP,  Thompson  BT,  Ancukiewicz  M,  Steinberg  KP. 
Bernard  GR.  Ann  Intern  Med  2002  Jan  1:136(1  ):25-36. 

BACKGROUND:  The  incidence  of  acute  respiratory  failure  requiring 
mechanical  ventilation  increases  10-fold  from  the  ages  of  55  to  85  years, 
yet  the  rate  of  recovery  and  outcomes  in  older  persons  who  develop  acute 
lung  injury  are  poorly  defined.  OBJECTIVE:  To  examine  age  as  an  inde- 
pendent risk  factor  in  recovery  and  intensive  care  unit  discharge  after 
acute  lung  injury.  DESIGN:  Prospective  cohort  study.  SETTING:  10  U.S. 
university-based  medical  centers.  PATIENTS:  902  mechanically  venti- 
lated patients  enrolled  in  randomized,  controlled  trials  for  the  treatment 
of  acute  lung  injury.  All  patients  were  managed  according  to  a  standard- 
ized protocol  for  ventilator  management  and  weaning.  MEASURE- 
MENTS: Frequency  and  time  to  achieve  well-defined  recovery  land- 
marks, duration  of  ventilation  and  intensive  care  unit  stay,  and  survival. 
RESULTS:  Median  duration  of  mechanical  ventilation  was  19  days 
(interquartile  range,  7  to  >28  days)  for  patients  70  years  of  age  or  older  (n 
=  173)  compared  with  10  days  (interquariile  range,  5  to  26  days)  for 
patients  younger  than  70  years  of  age  (n  =  729)  (p  <  0.001 ).  The  duration 
of  intensive  care  unit  stay  was  21  days  for  the  older  group  (interquartile 
range,  1 1  to  >28  days)  and  16  days  for  the  younger  group  (8  to  >28  days) 


(p  =  0,004).  Survival  rates  decreased  across  increasing  decades  of  age  (p 
<  0.001 ):  Patients  younger  than  70  years  of  age  had  a  greater  28-day  sur- 
vival rate  than  patients  70  years  of  age  or  older  (74.69J-  vs.  503%:  p  < 
0.001 ).  The  proportion  of  survivors  achieving  physiologic  recovery  land- 
marks did  not  differ  between  the  older  and  younger  age  groups,  and  the 
median  time  to  pass  a  2-hour  spontaneous  breathing  trial  was  similar 
between  both  the  older  and  younger  patients  (4  days  vs.  5  days;  p  >  0.2), 
After  passing  a  spontaneous  breathing  trial,  however,  older  patients 
required  1  more  day  than  younger  patients  to  achieve  unassisted  breath- 
ing (p  =  0.002)  and  3  more  days  to  leave  the  intensive  care  unit  (p  = 
0.005).  In  a  multivariable  Cox  proportional  hazards  analysis,  age  of  70 
years  or  older  was  a  strong  predictor  of  in-hospital  death  (hazard  ratio, 
2.5  [95%  CI,  2.0  to  3.2]:  p  <  0.001 ).  CONCLUSIONS:  Although  the  sur- 
vival rate  among  patients  70  years  of  age  or  older  was  high,  these  patients 
were  twice  as  likely  to  die  of  acute  lung  injury  compared  with  their 
younger  counterparts,  even  after  adjustment  for  covariates.  Older  sur- 
vivors recovered  from  respiratory  failure  and  achieved  spontaneous 
breathing  at  the  same  rate  as  younger  patients  but  had  greater  difficulty 
achieving  liberation  from  the  ventilator  and  being  discharged  from  the 
intensive  care  unit.  Sumtnary  For  Patients  in:  Ann  Intern  Med  2002  Jan 
I:136(ll:S-68. 

Continuous  Positive  Airway  Pressure  in  New-Generation  Mechani- 
cal Ventilators:  A  Lung  Model  Study — Takeuchi  M,  Williams  P.  Hess 
D.  Kacmarek  RM.  Anesthesiology  2002  Jan:96(l):162-I72. 

BACKGROUND:  A  number  of  new  microprocessor-controlled  mechani- 
cal ventilators  have  become  available  over  the  last  few  years.  However, 
the  ability  of  these  ventilators  to  provide  continuous  positive  airway  pres- 
sure without  imposing  or  performing  work  has  never  been  evaluated. 
METHODS:  In  a  spontaneously  breathing  lung  model,  the  authors  evalu- 
ated the  Bear  1000,  Drager  Evita  4,  Hamilton  Galileo,  Nellcor-Puritan- 
Bennett  740  and  840.  Siemens  Servo  300A,  and  Bird  Products  Third 
AVS  at  10  cm  H:0  continuous  positive  airway  pressure.  Lung  model 
compliance  was  50  mL/cm  H:0  with  a  resistance  of  8.2  cm  HiO  x  1'  x 
s  ',  and  inspiratory  time  was  set  at  1.0  s  with  peak  inspiratory  flows  of  40. 
60,  and  80  L/min.  In  ventilators  with  both  pressure  and  flow  triggering, 
the  response  of  each  was  evaluated.  RESULTS:  With  all  ventilators,  peak 
inspiratory  flow,  lung  model  tidal  volume,  and  range  of  pressure  change 
(below  baseline  to  above  baseline)  increased  as  peak  flow  increased. 
Inspiratory  trigger  delay  time,  inspiratory  cycle  delay  time,  expiratory 
pressure  time  product,  and  total  area  of  pressure  change  were  not  affected 
by  peak  flow,  whereas  pressure  change  to  trigger  inspiration,  inspiratory 
pressure  time  product,  and  trigger  pressure  time  product  were  affected  by 
peak  flow  on  some  ventilators.  There  were  significant  differences  among 
ventilators  on  all  variables  evaluated,  but  there  was  litde  difference 
between  pressure  and  flow  triggering  in  most  variables  on  individual  ven- 
tilators except  for  pressure  to  uigger.  Pressure  to  trigger  was  3.74  ±  1.89 
cm  HiO  (mean  ±SD)  in  flow  triggering  and  4.48  ±  1.67  cm  H:0  in  pres- 
sure triggering  (p  <  0.01)  across  all  ventilators.  CONCLUSIONS:  Most 
ventilators  evaluated  only  imposed  a  small  effort  to  trigger,  but  most  also 
provided  low-level  pressure  support  and  imposed  an  expiratory  work- 
load. Pressure  triggering  during  continuous  positive  airway  pressure  does 
require  a  slightly  greater  pressure  than  flow  triggering, 

A  Randomized  Controlled  Trial  of  Oxygen  for  Reducing  Nausea  and 
Vomiting  During  Emergency  Transport  of  Patients  Older  Than  60 
Years  with  Minor  Trauma — Kober  A,  Fleischackl  R.  Scheck  T,  Lieba 
F,  Strasser  H.  Friedmann  A,  Sessler  DI. 

OBJECTIVE:  To  test  the  hypothesis  that  oxygen  administration  reduces 
nausea  and  vomiting  in  patients  with  minor  trauma  during  ambulance 
transport.  PATIENTS  AND  METHODS:  This  study,  conducted  from 
January  to  April  2000,  consisted  of  100  patients  older  than  60  years  with 
minor  trauma,  who  were  randomly  assigned  to  breathe  air  or  100%  oxy- 
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gen  at  10  L/niin  through  a  facemask  during  ambulance  transport.  A 
paramedic,  blinded  to  treatment,  recorded  vomiting  episodes  during 
transport.  Patients,  also  blinded  to  treatment,  rated  their  levels  of  pain, 
nausea,  vomiting,  anxiety,  and  overall  satisfaction  with  their  care  on  100- 
mm  visual  analog  scales,  with  greater  values  indicating  more  intense  sen- 
sation. Results  from  the  2  groups  were  compared  with  ^2  or  unpaired  2- 
tailed  t  tests  and  presented  as  means  ±  SDs.  RESULTS:  Before 
randomization,  patients  subsequently  assigned  to  receive  oxygen  had  sig- 
nificantly greater  pain  and  nausea.  On  arrival  at  the  hospital,  oxygen  satu- 
ration was  higher  in  the  50  patients  given  oxygen  (99%  ±  1  %  vs  96%  ± 
2%;  p<0.001)  than  in  the  50  patients  who  breathed  air.  Reported  pain 
remained  greater  in  the  oxygen  group.  However,  those  given  oxygen  had 
less  nausea  (22  ±  29  vs  54  ±  38  mm;  p<0.001)  and  vomiting  (4  vs  19 
episodes;  p<0.00l).  lower  heart  rates  (86  ±  12  vs  94  ±  13  beats/min; 
p<0.001 ),  and  higher  overall  satisfaction  scores  (54  ±  33  vs  33  ±  23  mm; 
p<0.001 ).  CONCLUSION;  Our  results  indicate  that  supplemental  oxygen 
during  ambulance  transport  reduced  nausea  scores  by  50%  and  decreased 
vomiting  4-fold.  Consequently,  patients  reported  greater  satisfaction  with 
their  care.  Thus,  we  recommend  that  patients  be  given  supplemental  oxy- 
gen during  ambulance  transport. 

Long-Term  Benefits  of  Inhaled  Tobramycin  in  Adolescent  Patients 
with  Cystic  Fibrosis— Moss  RB.  Chest  2002  Jan;121(  l):55-63. 

STUDY  OBJECTIVE:  To  determine  the  effect  of  long-term  suppression 
of  Pseudomonas  aeruginosa  on  lung  function  and  other  clinical  end 
points  in  adolescent  patients  with  cystic  fibrosis  (CF).  DESIGN:  Two 
identical,  randomized,  placebo-controlled  trials  followed  by  three  open- 
label  follow-on  trials.  SETTING:  Sixty-nine  CF  study  centers  in  the 
United  States.  INTERVENTIONS:  Active  drug  consisting  of  a  300-mg 
tobramycin  solution  for  inhalation  (TSl).  PATIENTS:  One  hundred 
twenty-eight  adolescent  CF  patients  (aged  13  to  17  years)  with  P  aerugi- 
nosa and  mild-to-moderate  lung  disease  (FEVi  percent  predicted  >  25% 
and  <  75%).  MEASUREMENTS:  Pulmonary  function,  P  aeruginosa 
colony  forming  unit  density,  incidence  of  hospitalization  and  I.V.  antibi- 
otic use,  weight  gain,  and  aminoglycoside  toxicity  were  monitored. 
RESULTS:  At  the  end  of  the  first  three  28-day  cycles  of  TSI  treatment, 
patients  originally  randomized  to  TSI  and  placebo  treatments  exhibited 
improvements  in  FEV|  percent  predicted  of  13.5%  and  9.4%,  respec- 
tively. FEVi  percent  predicted  was  maintained  above  the  value  at  initia- 
tion of  TSI  treatment  in  both  groups.  At  the  end  of  the  last  "on-drug" 
period  (92  weeks),  patients  originally  randomized  to  TSI  and  placebo 
treatments  showed  improvements  of  14.3%  and  1.8%,  respectively. 
Improvement  in  pulmonary  function  was  significantly  correlated  with 
reduction  in  P  aeruginosa  colony  forming  unit  density  (p  =  0.0001 ).  The 
average  number  of  hospitalizations  and  I.V.  antibiotic  courses  did  not 
increase  over  time.  TSI  treatment  was  associated  with  increased  weight 
gain  and  body  mass  index.  P  aeruginosa  susceptibility  to  tobramycin 
decreased  slightly  over  time,  but  this  was  not  correlated  with  clinical 
response.  CONCLUSIONS:  TSI  treatment  improved  pulmonary  function 
and  weight  gain  in  adolescent  patients  with  CF  over  a  2-year  period  of 
long-term,  intermittent  use. 

Outcome  from  Mechanical  Ventilation  After  Autologous  Peripheral 
Bluod  Stem  Cell  Transplantation — Khassawneh  BY.  White  P  Jr. 
Anaissie  EI,  Barlogie  B,  Hiller  EC.  Chest  2002  Jan;  1 2 1  ( 1 ):  1 85- 1 88. 

STUDY  OBJECTIVE:  To  report  the  outcome  of  patients  with  autologous 
peripheral  blood  stem  cell  transplantation  (PBSCT)  receiving  mechanical 
ventilation.  DESIGN:  Retrospective  observational  study.  SETTING: 
Active  hematopoietic  stem  cell  transplantation  center  and  a  university 
hospital  medical  ICU.  PATIENTS:  Patients  with  autologous  PBSCT 
receiving  mechanical  ventilation.  METHOD:  A  review  of  the  medical 
records  of  patients  with  autologous  PBSCT  receiving  mechanical  ventila- 
tion. Data  collection  was  restricted  to  the  first  episode  of  mechanical  ven- 


tilation. RESULTS:  A  total  of  78  autologous  PBSCT  patients  received 
mechanical  ventilation  for  >  24  h.  Twenty  patients  (26%)  were  extubaled 
and  discharged  alive  from  the  hospital.  Thirteen  hospital  survivors  (60%) 
were  alive  at  6  months.  Lung  injury  (LI),  vasopressor  use,  and  hepatic 
and  renal  failure  (HRF)  were  used  to  predict  survival  after  mechanical 
ventilation.  Sixty  patients  (76%)  had  no  organ  failure,  or  had  isolated  LI 
or  only  required  treatment  with  vasopressors.  Their  hospital  survival  and 
6-month  survival  were  32%  and  20%.  respectively.  Hospital  and  6-month 
survival  for  the  patients  with  HRF  or  LI  and  vasopressor  use  was  6%  and 
0%,  respectively.  CONCLUSIONS:  Prolonged  mechanical  ventilation 
and  aggressive  ICU  support  is  justified  for  autologous  PBSCT  patients 
receiving  mechanical  ventilation  with  no  organ  failure,  or  who  have  only 
isolated  LI.  or  who  only  require  treatment  with  vasopressors. 

Iron  Lung  vs  Mask  Ventilation  in  the  Treatment  of  Acute  on  Chronic 
Respiratory  Failure  in  COPD  Patients:  A  Multicenter  Study — Cor- 
rado  A.  Confalonieri  M.  Marchese  S.  Mollica  C.  Villella  G.  Gorini  M, 
Delia  Porta  R.  Chest  2002  Jan;121(  1 ):  189- 195. 

STUDY  OBJECTIVES:  Evaluation  of  the  effectiveness  of  negative-pres- 
sure ventilation  (NPV)  with  the  use  of  the  iron  lung  vs  noninvasive  posi- 
tive-pressure ventilation  (NIPPV)  in  the  treatment  of  COPD  patients  with 
acute  on  chronic  respiratory  failure.  DESIGN:  A  retrospective  case-con- 
trol study.  SETTING:  Four  Italian  respiratory  intermediate  ICUs. 
PATIENTS:  Of  a  total  of  393  COPD  patients  admitted  to  the  ICU  in 
1996,  53  pairs  were  treated  with  the  iron  lung  (NPV  group).  Patients 
treated  with  NIPPV  (NIPPV  group)  were  matched  according  to  mean  (± 
SD)  age  (70.3  ±  7.1  vs  70.3  ±6.9  years,  respectively),  sex,  causes  of  acute 
respiratory  failure  (ARF),  APACHE  (acute  physiology  and  chronic 
health  evaluation)  II  score  (22.4  ±  5.3  vs  22.1  ±  4.6.  respectively).  pH 
(7.26  ±0.05  vs  7.27  ±  0.04.  respectively),  and  Paco;  (88-1  ±  1 1.5  vs  85.1 
±  13.5  mm  Hg,  respectively)  on  admission  to  the  ICU.  The  effectiveness 
of  matching  was  98.4%.  RESULTS:  Five  patients  from  the  NPV  group 
(9.4%)  and  seven  patients  from  the  NIPPV  group  (13.2%)  needed  endo- 
tracheal intubation  (EI).  The  treatment  failure  rate  (ie,  death  and/or  need 
of  EI)  was  20.7%  in  the  NPV  group  and  24.5%  in  the  NIPPV  group  (dif- 
ference was  not  significant).  The  mean  duration  of  mechanical  ventilation 
(29.6  ±  28.6  vs  62.3  ±  35.7  h.  respectively)  and  length  of  hospital  stay 
(10.4  ±  4.3  vs  15  ±  5.2  d,  respectively)  among  the  35  concordant  surviv- 
ing pairs  were  significantly  lower  in  the  NPV  group  than  in  the  NIPPV 
group  (p  =  0.001  and  p  =  0.001,  respectively).  CONCLUSIONS:  These 
data  suggest  that  both  ventilatory  techniques  are  equally  effective  in 
avoiding  EI  and  death  in  COPD  patients  with  ARF.  Prospective  trials  are 
needed  to  confirm  these  preliminary  results. 

Potential  Rebreathing  After  Continuous  Positive  Airway  Pressure 
Failure  During  Sleep — Farre  R.  Montserrat  JM,  Ballester  E.  Navajas  D. 
Chest  2002  Jan;  1 2 1(  1 ):  196-200. 

BACKGROUND:  Continuous  positive  airway  pressure  (CPAP)  is  widely 
applied  as  a  home  treatment  during  sleep.  Conventional  CPAP  devices 
are  based  on  a  blower  to  generate  nasal  pressure  and  to  maintain  air 
washout  from  the  circuit.  Because  common  CPAP  systems  do  not  incor- 
porate alarms,  failure  in  the  device  or  in  the  electric  supply  could  result  in 
rebreathing.  AIM:  To  assess  the  potential  rebreathing  to  which  a  patient 
could  be  subjected  after  CPAP  failure.  METHODS:  Four  conventional 
CPAP  devices.  PVIOO  (Breas  Medica;  Molnlycke,  Sweden).  CP90 
(Taema;  Antony.  France),  and  SoloPlus  and  BiPAP  (Respironics.  Mur- 
rysville.  PA),  and  three  common  exhalation  ports  (Whisper  Swivel 
[Respironics],  Plateau  (Respironics],  and  4-mm  orifice)  were  tested  in  a 
bench  study.  Rebreathing  after  failure  was  assessed  by  measuring  the 
resistance  of  the  exhalation  port  (REP)  and  the  resistance  of  the  tubing 
plus  CPAP  device  ( RTUB ).  and  by  measuring  O:  and  COi  concentrations 
in  the  nasal  mask  in  a  subject  breathing  through  a  CPAP  system. 
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RESULTS:  REP  was  much  higher  (approximately  30  cm  HiO  x  s/L|  than 
RTUB  (approximately  1  cm  HiO  x  s/L).  Most  (approximately  90%)  of 
the  breathing  tidal  volume  would  flow  from/to  the  tubing  plus  CPAP 
device,  which  represents  a  dead  space  (>  0.5  L)  similar  to  the  patient's 
tidal  volume.  After  CPAP  failure,  end-tidal  O2  in  the  mask  changed  from 
16.8  to  9.29c  and  end-tidal  CO:  in  the  mask  changed  from  4.2  to  6.2%. 
By  contrast,  O2  and  CO;  did  not  change  when  a  nonrebreathing  valve  was 
placed  in  the  mask.  CONCLUSIONS:  Common  CPAP  systems  run  a  risk 
of  inducing  rebreathing  in  case  of  failure.  This  risk  could  be  easily 
avoided  by  including  a  passive  valve  in  the  apparatus. 


Hospice  Care  for  Patients  with  Advanced  Lung  Disease 

Hansen-Flaschen  J.  Chest  2002  Jan;121(l):220-229. 


-Abrahm  JL, 


Hospices  are  organized  programs  of  support  services  for  patients  in  the 
advanced  stages  of  a  terminal  illness  and  their  families.  Although  hos- 
pices serve  dying  patients  regardless  of  diagnosis,  limited  available  evi- 
dence suggests  that  these  programs  are  relatively  underutilized  by 
patients  dying  of  nonmalignant  lung  diseases.  One  explanation  may  be  a 
lower  awareness  of  hospice  eligibility  criteria  and  services  among  pulmo- 
nologists  than  oncologists.  The  unpredictability  of  death  from  advanced 
lung  disease  is  another  likely  reason.  Certain  limitations  on  federal  and 
private  insurance  coverage  for  patients  with  advanced  lung  disease  proba- 
bly contribute  as  well.  For  those  patients  who  do  enroll,  hospice  offers 
expert  palliation  of  physical,  psychological,  social,  and  spiritual  distress, 
as  well  as  practical  support  for  home  care  needs,  hospitalization  for  short- 
term  control  of  symptoms,  and  inpatient  respite  care  for  relief  of  home 
caregivers.  Hospice  workers  view  dying  as  an  active  phase  of  life  filled 


with  the  pursuit  of  goals  that  patients  and  family  members  wish  to  com- 
plete before  or  shortly  after  the  end  of  life.  This  article  reviews  hospice 
care  in  the  United  States  with  particular  attention  to  eligibility  criteria  and 
services  available  for  patients  who  are  dying  of  an  advanced  lung  disease. 
Specific  recommendations  are  offered  for  referring  respiratory  disease 
patients  to  hospice  programs. 

Recruitment  Maneuvers  During  Lung  Protective  Ventilation  In 
Acute  Respiratory  Distress  Syndrome — Villagra  A.  Ochagavia  A. 
Vatua  S,  Murias  G,  Del  Mar  Fernandez  M.  Lopez  Aguilar  J,  et  al.  Am  J 
Respir  Crit  Care  Med  2002  Jan  1  .-i;  1 65(2):  1 65- 1 70. 

The  objective  was  to  analyze  the  physiologic  effects  of  recruitmenl 
maneuvers  (RM)  in  17  patients  with  acute  respiratory  distress  syndrome 
(ARDS)  ventilated  with  a  lung  protective  strategy.  RM  consisted  of  2  min 
of  pressure-controlled  ventilation  at  a  peak  pressure  of  50  cm  HiO  and  a 
positive  end-expiratory  pressure  (PEEP)  above  the  upper  inflection  point 
of  the  respiratory  pressure-volume  curve  obtained  at  zero  PEEP.  In  eight 
patients.  RM  were  repeated  in  the  late  phase  of  ARDS.  Oxygenation  did 
not  change  15  min  after  RM  in  the  early  and  late  phase  of  ARDS.  When 
PaO:/fraction  of  inspired  oxygen  (F|0:)  increased  during  RM,  venous 
admixture  (Qva/Qt)  decreased.  The  opposite  occurred  in  patients  in 
whom  PaO;/FiO;  decreased  during  RM.  RM-induced  changes  in  cardiac 
output  were  not  observed.  A  significant  correlation  was  found  between 
RM-induced  changes  in  PjO;/F]o,  during  the  RM  and  changes  in  respira- 
tory system  compliance  at  15  min  (r  =  0.66,  p  <  0.01 )  and  RM-induced 
changes  in  Qva/Qt  ir  =  -0.85;  p  <  0.01 1.  The  correlation  between  RM- 
induced  changes  in  PjOj/F|02  in  responders  (improvement  in  Pao/Fio;  "' 
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greater  than  2U'l  during  the  RM)  and  the  inspired  oxygen  fraction  was 
also  significant.  In  ARDS  patients  ventilated  with  a  litng  protective  strat- 
egy we  conclude  that  RM  have  no  short-term  benefit  on  oxygenation,  and 
regional  alveolar  overdistension  capable  of  redistributing  blood  flow  can 
occur  during  RM. 

The  Disease  Management  Approach  to  Controlling  Asthma — 

Haahtela  T.  Respir  Med  2002  Feb;96  Supp!  A:S1-S8. 

Asthma  has  become  an  important  public  health  issue  worldwide  and  cer- 
tain groups,  such  as  children,  are  at  particular  risk  of  the  disease.  Often 
asthma  remains  under-diagnosed  and  under-treated.  Despite  these  wor- 
rying trends,  the  disease  management  approach  to  asthma  control  can 
help  most  asthma  patients  achieve  a  'normal'  way  of  life.  The  increased 
prevalence  and  greater  diagnostic  awareness  of  asthma  have  placed 
increased  demands  on  healthcare  resources,  but  effective  asthma  control 
can  minimize  the  personal,  social  and  economic  burdens  of  asthma. 
Early  diagnosis  and  immediate  anti-inflammatory  treatment  is  the  first 
step  in  gaining  control  of  symptoms.  A  stepwise  approach  is  then  used  to 
classify  asthma  severity  and  treatment,  with  the  number  and  frequency 
of  medications  increasing  (step  up)  as  asthma  severity  increases  and 
decreasing  (step  down)  when  asthma  is  under  control.  This  stepwise 
approach  to  asthma  management  necessitates  regular  review  of  treat- 
ment once  asthma  is  under  control.  However,  effective  asthma  manage- 
ment is  dependent  on  successful  patient  education,  adherence  to  pre- 
scribed medication  and  good  doctor  patient  partnerships.  Current 
treatment  guidelines  recommend  the  use  of  a  written  asthma  manage- 
ment plan  that  should  be  agreed  between  the  doctor  and  patient.  These 
plans  should  cover  all  aspects  of  asthma  treatment,  including  prevention 
steps  for  long-term  control  and  action  steps  to  stop  attacks  once  a  wors- 
ening in  asthma  has  been  recognized.  This  comprehensive  approach  to 
asthma  management  increases  the  likelihood  of  achieving  asthma  con- 
trol, which  in  turn  reduces  the  need  for  emergency  visits  to  the  hospital 
or  clinic  and  reduces  the  limitations  on  physical  activity  previously 
imposed  by  the  condition. 

Respiratory  Rate  Measurement  in  Adults:  How  Reliable  Is  It? — Lim 

WS,  Carty  SM.  Macfarlane  JT.  Anthony  RE,  Christian  J,  Dakin  KS, 
Dennis  PM.  Respir  Med  2002  Jan;96(  1  ):3 1-33. 

Measurement  of  respiratory  rate  (RR)  is  essential  in  the  evaluation  of 
respiratory  disorders.  However,  the  variability  in  RR  measurement  in 
adults  has  never  been  adequately  assessed.  Respiratory  rate  was  mea- 
sured twice  in  245  patients;  the  two  measurements  were  performed  by 
the  same  observer  in  137  patients,  by  different  observers  in  58  patients 
and  simultaneously  by  different  observers  in  50  patients. The  mean  (SD) 
difference  between  the  first  and  second  measurements  was  0.03  (3);  95% 
limits  of  agreement-4. 86-4.94  breaths  min  ',  -5.7-5.7  breaths  min',  and  - 
4.2  to  4.4  breaths  min''  for  the  same  observer,  different  observer  and 
simultaneous  observer  groups,  respectively.  The  difference  in  RR  mea- 
surements did  not  vary  with  RR.  In  conclusions  on  average,  there  is  very 
good  agreement  between  observers  in  RR  measurement.  Inter-observer 
variability  may  account  for  a  difference  of  up  to  6  breaths  min  '.  This  is 
relevant  when  applying  clinical  prediction  rules  based  on  threshold  RR 
values. 

Ambulatory  Blood  Pressure  After  Therapeutic  and  Subtherapeutic 
Nasal  Continuous  Positive  Airway  Pre.ssure  for  Obstructive  Sleep 
Apnoea:  A  Randomised  Parallel  Trial — Pepperell  JC,  Ramdassingh- 
Dow  S.  Crosthwaite  N.  Mullins  R.  Jenkinson  C,  Siradling  JR,  Davies  RJ. 
Lancet  2002  Jan  19;3.59(9.W2):2O4-210. 

BACKGROUND:  Obstructive  sleep  apnoea  is  associated  with  raised 
blood  pressure.  If  blood  pressure  can  be  reduced  by  nasal  continuous 
positive  airway  pressure  (nCPAP).  such  treatment  could  reduce  risk  of 


cardiovascular  disease  in  patients  with  obstructive  sleep  apnoea.  Our 
aim  was  to  see  whether  nCPAP  for  sleep  apnoea  reduces  blood  pres- 
sure compared  with  the  most  robust  control  intervention  subtherapeu- 
tic nCPAP.  METHODS:  We  did  a  randomised  parallel  trial  to  compare 
change  in  blood  pressure  in  118  men  with  obstructive  sleep  apnoea 
(Epworth  score  >  9,  and  a  >  4%  oxygen  desaturation  index  of  >  10  per 
h)  who  were  assigned  to  either  therapeutic  (n=59)  or  subtherapeutic 
(59)  nCPAP  (about  1  cm  HiO  pressure)  for  1  month.  The  primary  out- 
come was  the  change  in  24-h  mean  blood  pressure.  Secondary  out- 
comes were  changes  in  systolic,  diastolic,  sleep,  and  wake  blood  pres- 
sure, and  relations  between  blood  pressure  changes,  baseline  blood 
pressure,  and  severity  of  sleep  apnoea.  FINDINGS:  Therapeutic 
nCPAP  reduced  mean  arterial  ambulatory  blood  pressure  by  2.5  mm 
Hg  (SE  0.8),  whereas  subtherapeutic  nCPAP  increased  blood  pressure 
by  0.8  mm  Hg  (0.7)  (difference  -3.3  [95%  CI  -5.3  to  -1.3];  p=0.0013. 
unpaired  t  test).  This  benefit  was  seen  in  both  systolic  and  diastolic 
blood  pressure,  and  during  both  sleep  and  wake.  The  benefit  was  larger 
in  patients  with  more  severe  sleep  apnoea  than  those  who  had  less 
severe  apnoea.  but  was  independent  of  the  baseline  blood  pressure. 
The  benefit  was  especially  large  in  patients  taking  drug  treatment  for 
blood  pressure.  INTERPRETATION:  In  patients  with  most  severe 
sleep  apnoea,  nCPAP  reduces  blood  pressure,  providing  significant 
vascular  risk  benefits,  and  substantially  improving  excessive  daytime 
sleepiness  and  quality  of  life. 

Impact  of  Recent  Pulmonary  Exacerbations  on  Quality  of  Life  in 
Patients  with  Cystic  Fibrosis— Britto  MT.  Kotagal  UR.  Homung  RW. 
Atherton  HD.  Tsevat  J.  Wilmott  RW.  Chest  2002  Jan;121(  1  ):64-72. 

OBJECTIVE:  To  compare  the  health-related  quality  of  life  (HRQOL)  of 
people  with  cystic  fibrosis  (CF)  to  the  general  population,  and  to  deter- 
mine the  relationship  between  HRQOL  and  clinical  and  demographic 
factors.  DESIGN:  Cross-sectional  analysis  of  observational  cohort. 
SETFING:  Outpatient  clinics  of  a  Midwestern  CF  center.  SUBJECTS: 
One  hundred  sixty-two  subjects  with  CF  aged  5  to  45  years.  MAIN 
OUTCOME  MEASURES:  Physical  and  psychosocial  summary  scores 
and  individual  scale  scores  for  the  Child  Health  Questionnaire  and  Short 
Form-36.  RESULTS:  Compared  with  the  general  population,  people 
with  CF  reported  similar  scores  for  most  psychosocial  measures,  but 
lower  scores  for  most  physical  measures,  with  the  lowest  scores  on  the 
general  health  perceptions  scale.  In  multivariable  analyses,  pulmonary 
exacerbations  in  the  past  6  months  were  strongly  associated  with  the 
physical  (p  =  0.001 )  and  psychosocial  (p  =  0.0003)  scores.  The  physical 
score  fell,  on  average.  6  points  per  exacerbation  and  the  psychosocial 
score  fell  3  points.  Lung  function,  nutrition,  6-min  walk  distance,  age, 
gender,  and  insurance  status  were  not  significantly  associated  with 
HRQOL  in  this  study  population.  Those  who  declined  to  participate  had 
significantly  lower  FEVi  percent  predicted  and  nutritional  indexes.  Our 
findings  may  not  be  generalizable  to  the  entire  CF  population.  CON- 
CLUSION: Recent  pulmonary  exacerbations  have  a  profound  negative 
impact  on  HRQOL  that  is  not  explained  by  differences  in  lung  function, 
nutritional  status,  or  demographic  factors. 

What  Are  Obstructive  Sleep  .\pnea  Patients  Being  Treated  for  Prior 
to  This  Diagnosis?— Smith  R,  Ronald  J.  Delaive  K.  Walld  R,  Manlreda 
J,  Kryger  MH.  Chest  2002  Jan;  1 2 1  ( 1 ):  1 64- 1 72. 

BACKGROUND:  Patients  with  obstructive  sleep  apnea  syndrome 
(OSAS)  use  health-care  resources  at  higher  rates  than  control  subjects 
for  years  prior  to  diagnosis.  Although  obesity  and  certain  cardiovascu- 
lar disorders  are  more  common  in  OSAS  patients,  the  precise  cause  of 
increased  health-care  utilization  is  unclear.  OBJECTIVES:  To  exam- 
ine the  causes  of  increased  utilization,  and  what  patients  with  OSAS 
were  being  treated  for  prior  to  this  diagnosis.  METHODS:  We  com- 
pared the  records  of  773  patients  with  OSAS  to  those  of  age-,  gender-. 
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geographic-,  and  physician-matched  control  subjects  from  the  general 
population.  RESULTS:  We  found  that  sleep  apnea  patients  used  23  to 
509c  more  resources  (defined  by  physician  fees,  physician  visits,  and 
hospital  nights)  in  the  5  years  prior  to  diagnosis  than  did  control  sub- 
jects. We  examined  the  diagnoses  made  and  found  that  apnea  patients 
are  at  higher  risk  for  hypertension  (odds  ratio  [OR].  2.5;  95%  confi- 
dence interval  [CI].  2.0  to  3.3),  congestive  heart  failure  (OR,  3.9;  95% 
CL  1.7  to  8.9).  cardiac  arrhythmias  (OR,  2.2;  95%  CL  1.2  to  4.0),  car- 
diovascular disease  (OR.  2.6;  95%  CL  2.0  to  3.3).  chronic  obstructive 
airways  disease  (OR.  1.6;  95%  CL  1.2  to  2.0).  and  depression  (OR, 
1.4:95%  CL  1.0  to  1.9).  To  control  for  the  confounding  effects  of  obe- 
sity and  to  determine  the  independent  effects  of  body  mass  index 
(BMI).  gender,  age.  degree  of  hypoxemia,  apnea-hypopnea  index,  and 
sleepiness  in  the  773  patients,  we  performed  a  logistic  regression  anal- 
ysis with  the  dependent  variable  being  diagnosis,  and  a  linear  regres- 
sion analysis  with  the  dependent  variable  being  measures  of  health- 
care utilization.  Age  and  BMI  were  significant  independent  predictors 
of  most  cardiovascular  diagnoses  and  arthropathy.  Male  gender  pre- 
dicted ischemic  heart  disease  (OR.  2.98;  95%  CL  1.36  to  6.54).  and 
female  gender  was  predictive  of  chronic  obstructive  airways  disease 
(OR,  2.63:  95%^  CL  1.85  to  3.72)  and  depression  (OR.  2.24;  95%  CL 
1 .45  to  3.44).  The  best  model  predicting  health-care  utilization  mea- 
sures was  comprised  of  age.  gender,  and  BMI.  and  explained  9%,  14%. 
and  8%  of  the  variability  in  physician  fees,  number  of  physician 
claims,  and  number  of  physician  visits,  respectively.  CONCLUSION; 
Of  all  comorbid  diagnoses,  significantly  increased  utilization  was 
found  for  cardiovascular  disease  and  especially  hypertension  in  the 
OSAS  patients. 


Clinically  Documented  Pleural  EtTusions  in  Medical  ICU  Patients: 
How  Useful  Is  Routine  Thoracentesis? — Fartoukh  M,  Azoulay  E,  Gal- 
liot R.  Le  Gall  JR.  Baud  F.  Chevret  S.  Schlemmer  B.  Chest  2002 
Jan;121(l):178-184. 

STUDY  OBJECTIVES:  To  assess  the  impact  of  routine  thoracentesis  on 
diagnostic  assessment  and  therapeutic  measures  in  patients  with  clinically 
documented  pleural  effusions.  DESIGN  AND  SETTING;  Prospective.  1- 
year.  three-center  study  in  medical  ICU  (MlCUl  patients  with  physical 
and  radiographic  evidence  of  pleural  effusion.  PATIENTS:  Of  1.351 
patients  admitted  to  three  MICUs  during  the  study  period.  1 1 3  patients 
had  physical  and  radiographic  evidence  of  pleural  effusion,  yielding  an 
annual  incidence  of  8.4%.  INTERVENTION;  Routine  thoracentesis  in  82 
patients  without  contraindications  to  thoracentesis.  MEASUREMENTS 
AND  RESULTS;  Twenty  patients  (24.4%)  had  a  transudate.  35  patients 
(42.7%)  had  an  infectious  exudate  (parapneumonic,  n  =  21;  empyema,  n 
=  14).  and  27  patients  (32.9%  )  had  a  noninfectious  exudate.  Laboratory 
parameters  including  the  leukocyte  count,  the  neutrophil  percentage  in 
pleural  fluid,  and  the  fluid/serum  protein  and  lactate  dehydrogenase  ratios 
differed  significantly  among  the  three  groups.  Thoracentesis  yielded 
improvements  in  the  diagnosis  and/or  treatment  in  46  patients  (56%);  the 
presumptive  (prethoracentesisi  diagnosis  was  changed  in  37  patients  (32 
patients  with  certain  benefit  and  5  patients  with  probable  benefit  from 
thoracentesis),  of  whom  27  patients  received  a  change  in  treatment  based 
on  the  new  diagnosis;  9  other  patients  received  a  change  in  treatment 
although  the  diagnosis  remained  the  same.  The  only  complications  were 
pneumothora.x  in  si.x  patients  (7%).  all  with  a  favorable  outcome  after 
drainage.  CONCLUSION:  Infection  was  the  main  cause  of  pleural  effu- 
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sions  delected  based  on  physical  and  radiographic  findings  in  our  MICU 
population.  Routine  thoracentesis  proved  a  simple  and  safe  means  of 
improving  the  diagnosis  and  treatment. 

Continuous  Positive  Airway  Pressure  Treatment  Improves  Pul- 
monary Hemodynamics  in  Patients  witli  Obstructive  Sleep  Apnea — 

Sajkov  D.  Wang  T,  Saunders  NA,  Bune  AJ,  Mcevoy  RD.  Am  J  Respir 
Crit  Care  Med  2002  Jan  15:165(2):152-158. 

Daytime  pulmonary  hypertension  (PH)  is  relatively  common  in 
obstructive  sleep  apnea  (OSA)  and  is  thought  to  be  associated  with 
pulmonary  vascular  remodeling  (PRm).  The  extent  to  which  PH  is 
reversible  with  treatment  is  uncertain.  To  study  this,  we  measured  pul- 
monary hemodynamics  (Doppler  echocardiography)  in  20  patients 
with  OSA  (apnea-hypopnea  inde.\  |AHI]  48.6  ±  5.2/h,  mean  ±  SEM) 
before  and  after  1  and  4  mo  of  CPAP  treatment  (compliance  4.7  ±  0.5 
h/night).  Patients  had  normal  lung  function,  and  no  cardiac  disease  or 
systemic  hypertension.  Doppler  studies  were  performed  at  three  levels 
of  inspired  oxygen  concentration  (11%,  2\9c,  and  50%)  and  during 
incremental  increases  in  pulmonary  blood  flow  (10,  20,  and  30 
|jg/kg/min  dobutamine  infusions).  Treatment  resulted  in  a  decrease  in 
pulmonary  artery  pressure  (Ppa,  16.8  ±  1.2  mm  Hg  before  CPAP  ver- 
sus 13.9  ±  0.6  mm  Hg  after  4  mo  CPAP,  p  <  0.05)  and  total  pulmonary 
vascular  resistance  (231.1  ±  19.6  versus  186.4  ±  12.3  dyn  •  s  •  cm',  p  < 
0.05).  The  greatest  treatment  effects  occurred  in  the  five  patients  who 
were  pulmonary  hypertensive  at  baseline.  The  pulmonary  vascular 
response  to  hypoxia  decreased  after  CPAP  (APpa/ASaO:)  10-0  ±  1-6 
mm  Hg  before  versus  6.3  ±  0.8  mm  Hg  after  4  mo  CPAP.  p  <  0.05). 
The  curve  of  Ppa  versus  cardiac  output  (0),  derived  from  the  incre- 
mental dobutamine  infusion,  shifted  downward  in  a  parallel  fashion 
during  treatment.  Systemic  diastolic  blood  pressure  also  fell  signifi- 
cantly. Improvements  in  pulmonary  hemodynamics  were  not 
attributable  to  changes  in  left  ventricular  diastolic  function  or  PaoT 
We  conclude  that  CPAP  treatment  reduces  Ppa  and  hypoxic  pulmonary 
vascular  reactivity  in  OSA  and  speculate  that  this  may  be  due  to 
improved  pulmonary  endothelial  function. 

Measurement  Properties  of  the  Calgary  Sleep  Apnea  Quality  of  Life 
Index — Flemons  WW.  Reimer  MA.  Am  J  Respir  Crit  Care  Med  2002 
Jan  I5;165(2):159-I64. 

Sleep  apnea  patients  were  studied  three  times  prior  to  and  4  wk  after  a 
trial  of  nasal  continuous  positive  airway  pressure  to  determine  the  mea- 
surement properties  of  the  Calgary  Sleep  Apnea  Quality  of  Life  Index 
(SAQLI),  a  disease-specific  quality  of  life  questionnaire.  All  patients 
completed  the  Medical  Outcome  Survey  Short  Form  (SF-36),  the  Ferrans 
and  Powers  Quality  of  Life  Index,  and  a  global  assessment  of  quality  of 
life  before  and  after  treatment.  The  SAQLI  was  found  to  have  a  very  high 
responsiveness  index  of  1.9  and  an  effect  size  of  1.1.  which  was  much 
greater  than  the  domains  of  the  SF-36  and  the  FPQLl.  There  were  statisti- 
cally significant  longitudinal  correlations  (range:.0.24  to  0.54)  between 
the  SAQLI  and  seven  of  the  SF-36  domains  in  a  pattern  that  was  pre- 
dicted beforehand  and  which  demonstrated  the  validity  of  the  SAQLI  as 
an  evaluative  instrument.  The  SAQLI  also  had  a  range  of  correlations  at 
baseline  with  the  SF-36  (range:  0.36  to  0.71).  the  Epworth  Sleepiness 
Scale  (-0.26).  and  the  FPQLl  (0.29  to  0.66),  and  with  a  global  rating  of 
quality  of  life  (0.61 ).  The  SAQLI  had  a  high  reliability  coefficient  of  0.92 
on  testing  and  retesting  at  2  wk.  We  conclude  that  the  SAQLI  has  excel- 
lent measurement  properties  for  an  evaluative  instrument,  and  beginning 
evidence  of  validity  as  a  discriminative  index.  It  measures  components  of 
quality  of  life  that  are  important  to  sleep  apnea  patients,  and  will  be  an 
important  outcome  measure  in  clinical  trials. 

Association  of  .Asthma  Control  with  Health  Care  Utilization:  A 
Prospective  Evaluation — Vollmer  WM.  Markson  LE.  O'Connor  E.  Fra- 


zier  EA.  Berger  M,  Buisi  AS.  Am  J  Respir  Crit  Care  Med  2002  Jan 
I5;165(2):I95-199. 

Population-based  disease  management  should  be  enhanced  by  good  risk 
assessment  models  and  instruments.  We  prospectively  evaluated  the  abil- 
ity of  a  simple  measure  of  short-term  asthma  control  (scored  0  to  4)  to 
predict  asthma  12-mo  health  care  utilization  (HCU).  A  total  of  5,172 
adult  asthma  patients  completed  a  brief  questionnaire  in  fall  1997  to 
assess  current  level  of  asthma  control.  We  then  evaluated  HCU  for  calen- 
dar year  1998.  Ninety-three  percent  had  health  plan  eligibility  in  1998 
and  were  included  in  this  analysis.  Both  acute  and  routine  asthma  utiliza- 
tion increased  with  increasing  numbers  of  asthma  control  problems. 
Rates  of  acute  care  episodes  were  3.5  (959c  confidence  interval  [CI]  = 
2.9,  4.3)  times  more  likely  for  those  with  3  to  4  control  problems  versus 
those  with  no  control  problems.  Lesser,  but  statistically  significant, 
increases  were  seen  for  those  with  two  (relative  risk  [RR]  =  1 .7. 95%  CI  = 
1.4,  2.2)  or  one  (RR  =  1.4,  95%  CI  =  1.1,  1.8)  control  problems.  These 
patterns  were  similar  for  men  and  women,  and  diminished  with  increas- 
ing age.  The  asthma  control  index  contributed  significantly  to  prospective 
prediction  models  even  after  adjusting  for  administrative  data  such  as 
medication  use  and  prior  HCU.  These  data  reinforce  the  usefulness  of 
measures  of  short-term  asthma  control  both  for  the  individual  clinician 
and  for  those  interested  in  population-based  asthma  management. 

Mechanical  Ventilation  Protects  Against  Diaphragm  Injury  in  Sep- 
sis: Interaction  of  Oxidative  and  Mechanical  Stresses — Ebihara  S. 
Hussain  SN.  Danialou  G.  Cho  WK.  Gottfried  SB.  Petrof  BJ.  Am  J  Respir 
Crit  Care  Med  2002  Jan  l5;165(2):22l-228. 

Overproduction  of  nitric  oxide  (NO)  with  attendant  oxidative  and 
nitrosative  stress  has  been  implicated  in  sepsis-induced  diaphragm  dys- 
function. Here  we  determined  the  impact  of  controlled  mechanical  venti- 
lation (MV)  on  rat  diaphragm  sarcolemmal  injury,  inducible  NO  synthase 
(iNOS)  expression,  and  oxidative  stress  during  endotoxemia.  At  4  h  after 
injection  of  endotoxin,  impaired  sarcolemmal  integrity  and  decreased 
force  production  by  the  diaphragm  were  observed  in  spontaneously 
breathing  rats.  The  use  of  MV  during  endotoxemia  largely  eliminated  sar- 
colemmal damage  and  significantly  improved  diaphragm  force  produc- 
tion. These  benefits  were  not  associated  with  alterations  in  either  iNOS 
expression  or  protein  carbonyls  (marker  of  oxidation),  which  remained 
abnormally  elevated  in  septic  diaphragms  despite  MV.  Therefore,  we 
hypothesized  that  the  protection  afforded  by  MV  was  due  to  its  ability  to 
decrease  the  level  of  mechanical  stress  placed  on  the  sarcolemma. 
because  the  latter  could  be  hyperfragile  in  the  setting  of  increased  oxida- 
tive stress.  Using  an  in  viU'o  system  to  independently  modulate  oxidative 
and  mechanical  stresses,  we  confirmed  that  these  two  factors  act  together 
in  a  synergistic  fashion  to  favor  sarcolemmal  injury.  Accordingly,  our 
data  suggest  that  MV  protects  the  diaphragm  during  sepsis  by  abrogating 
an  injurious  interaction  between  oxidative  and  biomechanical  stresses 
imposed  on  the  sarcolemma. 

The  Role  of  Inflammation  and  Anti-Inflammatory  Medication  in 
Asthma— Barnes  PJ.  Respir  Med  2002  Feb;96  Suppl  A:S9-S15. 

Asthma  is  a  chronic  inflammatory  disease  of  the  airways  involving  a 
wide  range  of  cells  and  mediators.  First-line  therapy  of  persistent  asthma 
involves  the  use  of  inhaled  corticosteroids  to  conU'ol  the  underlying 
inflaniniation  of  the  airw ays.  Inhaled  B:-agonists  are  also  widely  used  in 
asthma  therapy  and  are  the  most  effective  bronchodilators  currently  avail- 
able.The  short-acting  Bj-agonists  are  now  used  on  an  as-needed  basis  for 
rapid  relief  of  symptoms,  In  recent  years,  long-acting  inhaled  B^-agonists 
have  had  an  increasing  role  in  the  management  of  asthma,  particularly  in 
patients  with  moderate  to  severe  asthma.  This  class  of  drug  has  a  long 
duration  of  action  and  is  recommended  as  add-on  treatment  to  inhaled 
corticosteroids  in  the  long-term  control  of  asthma.  New  therapies  have 
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been  added  to  asthma  therapy  as  our  understand  ng  of  the  pathogenesis  of 
asthma  has  increased.  The  use  of  muhiple  therapies  necessitates  a  clear 
understanding  of  the  mode  of  action  of  the  drugs  and  any  potential  inter- 
action or  o\erlap  of  effect.  For  many  people  asthma  is  associated  with 
complex  therapy;  thus  treatment  developments  that  simplify  asthma  treat- 
ment are  an  important  step  forward  in  asthma  management. 

The  Role  of  Small  .Airways  in  Lung  Disease — Shaw  RJ.  Djukanovic  R. 
Tashkin  DP,  Millar  AB.  du  Bois  RM.  Orr  PA.  Respir  Med  2002 
Feb;96(2):67-80. 

The  small  airways  constitute  one  of  the  least  understood  areas  of  the 
lungs.  They  play  a  role  in  many  lung  diseases,  and  small  airway  pathol- 
ogy results  in  significant  morbidity  New  approaches  to  their  evaluation 
may  provide  insights  into  this  major  area  of  lung  disease.  Asthma  is  well 
recognized  as  a  disease  of  both  large  and  small  airways.  Physiological 
and  pathological  evidence,  from  techniques  such  as  post-mortem  tissue 
histological  analysis,  induced  sputum  and  transbronchial  biopsies,  has 
reinforced  the  concept  of  the  involvement  of  the  entire  bronchial  tree  n 
the  intlammatory  process  in  asthma.  In  addition  to  describing  the  airway 
pathology  in  asthma,  this  review  focuses  on  the  pathogenesis  and  role  of 
small  airway  obstruction  n  other  diseases,  including  chronic  obstructive 
pulmonary  disease  (COPD),  idiopathic  pulmonary  fibrosis  (IPF),  sar- 
coidosis and  obliterative  bronchiolitis  (OB).  COPD  is  characterized  by 
the  presence  of  airflow  obstruction  resulting  from  lesions  in  the  small  air- 
ways. In  addition,  features  compatible  with  small  airways  disease  are 
common  in  IPF,  sarcoidosis  and  OB.  Recent  advances  in  pulmonary 


imaging,  such  as  high-resolution  computed  tomography  (HRCT)  and 
magnetic  resonance  imaging  (MRI)  with  hyperpolarized  3He.  have 
allowed  non-invasive  reproducible  measurements  of  structure-function 
relationships  to  be  made  for  the  small  airways.These  techniques  have 
great  potential  for  diagnosing  changes  in  small  airway  function  and  for 
assessing  responses  to  treatment.  New  insights  into  the  contribution  of 
small  airways  to  a  range  of  lung  disea.ses  may  lead  to  the  development  of 
therapies  targeted  at  this  part  of  the  bronchial  anatomy. 

Determining  the  Optimal  Number  of  Specimens  to  Obtain  with  Nee- 
dle Biopsy  of  the  Pleura — Jimenez  D.  Perez-Rodriguez  E.  Dia/  G, 
Fogue  L,  Light  RW.  Respir  Med  2002  Jan;96(  1 ):  1 4- 1 7, 

The  aim  of  this  study  was  to  define  the  number  of  pleural  biopsy  samples 
necessary  for  optimum  diagnostic  performance  and  determine  to  what 
extent  they  are  complementary.  Eighty-four  closed  pleural  biopsies  were 
performed  in  our  department  between  June  1996  and  January  1 998  on  55 
males  and  29  females  with  an  average  age  of  64,4  ±  16.7  years.The  study 
of  the  pleural  fluid  included:  pH.  biochemical  testing  of  pleura/serum 
(proteins,  lactate  dehydrogenase,  glucose,  cholesterol,  triglycerides,  albu- 
min and  adenosine  deaminase  I.  haemogram.  cytology  and  microbiologi- 
cal testing  (Gram-slaining.  aerobes,  anaerobes  and  mycobacteriae  cul- 
tures). The  biopsies  were  performed  using  a  Cope  needle,  with  a  total  of 
five  biopsies  for  each  patient:  four  for  pathological  examination  (taken 
numerically  in  the  order  in  which  they  were  performed:  Dl.  D2.  D3  and 
D4)  and  one  for  microbiological  testing.  In  those  cases  in  which  the  diag- 
nosis was  uncertain  or  effusion  persisted,  a  thoraco,scopy  or  thoracotomy 
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was  performed. There  were  no  significant  differences  in  the  diagnostic 
yield  of  each  individual  sample  (Dl.  D2.  D3  and  D4).  but  there  were  dif- 
ferences in  the  sum  of  the  samples,  depending  on  the  number  of  biopsies 
performed.This  was  true  for  total  group  and  the  group  with  carcinomas, 
but  not  for  the  group  with  tuberculosis.  The  increase  in  diagnostic  yield 
with  the  number  of  biopsies  was  more  remarkable  in  the  carcinoma  cases, 
where  it  increased  by  35%  when  four  biopsies  were  performed  (54%  with 
one  biopsy  versus  89%  with  four  biopsies,  p  <  0.002).  In  conclusion,  the 
diagnostic  yield  increased  with  the  number  of  biopsy  samples  in  the  total 
group  and  the  group  with  malignancy  but  not  in  the  group  with  tubercu- 
lous effusions.  The  best  diagnostic  performance  for  malignant  pathology 
was  obtained  with  four  samples.  In  pleural  tuberculosis,  the  diagnostic 
yield  did  not  increase  with  more  biopsy  samples.  One  high  quality  sample 
should  be  enough  to  obtain  a  diagnosis. 

Quality  of  Life  in  Acute  Exacerbation  of  Chronic  Bronchitis:  Results 
from  a  German  Population  Study — Doll  H,  Grey-Amante  P.  Duprat- 
Lomon  1,  Sagnier  PP.  Thaie-Waschke  I.  Lorenz  J,  et  al.  Respir  Med  2002 
Jan;96(l);39-51. 

This  study  reports  on  data  from  a  study  conducted  in  the  Federal  Republic 
of  Germany  examining  the  quality  of  life  (QoL)  of  patients  with  chronic 
bronchitis  (CB)  and  its  acute  exacerbations  (AECB).  Data  from  320 
patients  were  collected  at  AECB  and  subsequently  during  a  stable  phase 
(non-AECB)  utilizing  the  St  George's  Respiratory  Questionnaire  (SGRQ) 
and  the  Nottingham  Health  Profile  (NHP).  As  expected,  the  QoL  of  CB 
patients  was  poor,  even  at  non-AECB.  with  patients  reporting  lower  scores 
than  patients  with  other  chronic  conditions.  Patients  reported  significantly 
poorer  QoL  at  AECB  than  at  non-AECB.  After  adjusting  for  the  severity 
of  the  underlying  condition,  poorer  QoL  at  AECB  was  significantly  and 
independently  associated  with  older  age,  unemployment,  increasing  BMI. 
increasing  number  of  prior  AECBs.  and  Anthonisen  AECB  grade. While 
younger  subjects  reported  significantly  greater  deterioration  in  QoL  at 
AECB.  the  factors  most  consistently  and  independently  associated  with 
relative  QoL  deterioration  at  AECB  were  the  number  of  prior  AECBs  and 
exposure  to  air  pollution  at  home.  In  conclusion,  this  study  highlights  the 
detrimental  effect  of  CB.  and  in  particular  AECB.  on  QoL.The  association 
between  QoL  and  patient  reports  of  previous  AECB  number  and  air  pollu- 
tion are  consistent  with  reports  from  other  studies. 

A  16-Year  Neonatal/Pediatric  Extracorporeal  Membrane  Oxygena- 
tion Transport  Experience — Wilson  BJ  Jr.  Heiman  HS.  Butler  TJ. 
Negaard  KA.  DiGeronimo  R.  Pediatrics  2002  Feb;l09(2):l89-I93. 

OBJECTIVE:  To  charactenze  the  population  and  survival  of  neonatal  and 
pediatfic  patients  transported  by  Wilford  Hall  Medical  Center  (WHMC) 
on  extracorporeal  membrane  oxygenation  lECMO)  since  1985.  STUDY 
DESIGN:  A  retrospective  chart,  literature,  and  database  review  of  pedi- 
atric and  neonatal  patients  transported  on  ECMO  by  the  WHMC  ECMO 
transport  team.  In  addition,  a  subpopulation  analysis  was  performed  com- 
paring neonates  with  meconium  aspiration  syndrome  (MAS)  placed  on 
ECMO  at  WHMC  with  those  infants  with  MAS  transported  on  ECMO. 
Characteristics  of  interest  for  this  comparison  included  disease  severity 
before  ECMO,  age  at  initiation  of  ECMO.  survival.  ECMO-related  com- 
plications, and  duration  of  ECMO  support.  RESULTS:  Forty-two  patients 
transported  on  ECMO  were  identified:  23  neonatal  respiratory  cases  (sur- 
vival 57%).  7  pediatric  respiratory  cases  (survival  71%).  4  cardiac  cases 
(survival  50%),  and  8  extra-institutional  ECMO  transports  (survival  63%). 
In  the  MAS  subpopulation.  there  was  significantly  greater  survival  in  the 
in-house  group — 97%  (31/32) — than  in  the  ECMO  transport  group — 75% 
(9/1 2);  there  were  no  other  significant  differences  between  these  groups. 
Overall,  no  ECMO-related  complications  leading  to  patient  demise  could 
be  identified  in  the  ECMO  transport  group.  CONCLUSIONS:  ECMO 
transport,  although  demonstrating  acceptable  survival,  is  a  risk-laden 
modality  that  should  not  replace  early  referral  to  an  ECMO  center. 


A  Prospective  Investigation  into  the  Epidemiology  of  In-Hospital 
Pediatric  Cardiopulmonary  Resuscitation  Using  the  International 
Ut.stein  Reporting  .Style — Reis  AG.  Nadkarni  V.  Perondi  MB,  Grisi  S, 
Berg  RA.  Pediatrics  2002  Feb;109(2):200-209. 

OBJECTIVE:  Data  regarding  pediauic  in-hospital  cardiopulmonary  resus- 
citation (CPR)  have  been  limited  because  of  retrospective  study  designs, 
small  sample  sizes,  and  inconsistent  definitions  of  cardiac  arrest  and  CPR. 
The  purpose  of  this  study  was  to  prospectively  describe  and  evaluate  pedi- 
atric in-hospital  CPR  with  the  international  consensus-derived  epidemio- 
logic detlnitions  from  the  Utstein  guidelines.  METHODS:  All  129  in-hos- 
pital CPRs  during  12  months  at  a  122-bed  university  children's  hospital  in 
Sao  Paulo.  Brazil,  were  described  and  evaluated  using  Utstein  reporting 
guidelines.  These  guidelines  include  standardized  descriptions  of  hospital 
variables,  patient  variables,  anest/event  variables,  and  outcome  variables. 
CPR  was  defined  as  chest  compressions  and  assisted  ventilation  provided 
because  of  cardiac  arrest  or  because  of  severe  bradycardia  with  poor  perfu- 
sion. Outcome  variables  included  sustained  remm  of  spontaneous  circula- 
tion, 24-hour  survival,  30-day  survival,  1-year  survival,  and  neurologic  sta- 
tus of  survivors  by  the  Pediauic  Cerebral  Performance  Category  Scale. 
RESULTS:  Of  the  6024  children  admitted  to  the  hospital,  1 76  (3% )  had  an 
episode  that  met  the  criteria  tor  provision  of  CPR  and  129  (2% )  received 
CPR,  86  for  clinical  cardiac  arrest  and  43  for  bradycardia  with  poor  perfu- 
sion. Most  of  the  children  (71%)  had  preexisting  chronic  diseases.  The 
most  common  precipitating  causes  were  respiratory  failure  (61%)  and 
shock  (29%).  The  initial  cardiac  rhythm  was  asystole  in  71  children  (55%). 
pulseless  electrical  activity  in  12  (9%).  ventricular  fibrillation  in  1.  and 
bradycardia  with  pulses  and  poor  perfusion  in  43  (33% ).  Eighty-three  chil- 
dren (64%)  attained  sustained  return  of  spontaneous  circulation  (>20  min- 
utes). 43  (33%)  were  alive  at  24  hours,  24  ( 19%)  were  alive  at  30  days,  and 
19  (15%)  were  alive  at  1  year.  Although  many  factors  cortelated  with  24- 
hour  survival,  multivariate  logistic  regression  analysis  revealed  indepen- 
dent association  of  24-hour  survival  with  respiratory  failure  as  the  precipi- 
tating cause  (odds  ratio  [OR]:  4.92;  95%  confidence  interval  [CI]: 
1.73-14.0),  bradycardia  with  pulses  as  the  initial  event  (OR:  2.68:  95%  CI: 
1.01-7.1 ).  and  shorter  duration  of  CPR  (OR:  0.92:  95%  CI:  0.89-0.96  for 
each  elapsed  minute).  Similarly,  30-day  survival  was  independently  associ- 
ated with  respiratory  failure  as  the  precipitating  cause  and  shorter  duration 
of  CPR.  Thirty-day  survival  decreased  by  5%  with  each  elapsed  minute  of 
CPR.  Nineteen  (91%)  of  the  21  sur\ivors  to  hospital  discharge  and  16 
(83%)  of  the  19  1-year  survivors  had  no  demonstfable  long-term  change  in 
neurologic  function  from  their  pre-CPR  status.  CONCLUSIONS:  During 
this  study,  CPR  was  uncommon  but  not  rare.  Respiratory  failure  was  the 
most  common  precipitating  cause,  followed  by  shock.  Preexisting  chronic 
diseases  were  prevalent  among  these  children.  Asystole  was  the  most  com- 
mon initial  cardiac  rhythm,  and  bradycardia  with  pulses  and  poor  perfusion 
was  the  second  most  common.  Ventricular  fibrillation  was  rare,  but  chil- 
dren with  acute  caidiac  diseases,  such  as  cardiac  surgery  and  acute  car- 
diomyopathies, were  not  admitted  to  this  children's  hospital.  CPR  was 
effective:  nearly  two  thirds  of  these  children  were  initially  successfully 
resuscitated,  and  one  third  were  alive  at  24  hours  compared  with  imminent 
death  without  CPR  and  advanced  life  support.  Nevertheless,  sursival  pro- 
gressively decreased  over  time,  generally  as  a  result  of  the  underlying  dis- 
ease process.  One-year  survival  was  15%.  Importantly,  most  of  these  sur- 
vivors had  no  demonstrable  change  in  gross  neurologic  function  from  their 
pre-CPR  status. 

Marijuana:  A  Decade  and  a  Half  Later,  Still  a  Crude  Drug  with 
Underappreciated  Toxicity — Schwartz  RH.  Pediatrics  2002 
Feb;109(2):284-289. 

In  1984, 1  published  in  this  journal  a  review  entitled  "Marijuana:  A  Crude 
Drug  With  a  Spectrum  of  Underappreciated  Toxicity."  In  the  introduction 
to  that  article.  I  disclosed  that  our  son  Keith,  who  was  15  years  old  at  the 
time,  was  in  a  long-term,  modified  outpatient  adolescent  drug  and  alcohol 
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rehabilitation  program  because  he  had  become  dependent  on  marijuana 
with  its  associated  behavioral,  interpersonal,  scholastic,  and  antisocial 
problems.  Keith  and  most  of  his  friends  had  experimented  several  times 
with  LSD,  beer,  and  several  other  drugs  but  never  used  injection  drugs. 
Marijuana  was  clearly  Keith's  drug  of  choice  and  the  only  drug  he  used 
with  regularity.  Approximately  1  year  later.  Keith  graduated  from  the 
treatment  program.  He  completed  the  early  aftercare  component,  relapsed 
several  times,  and  completed  a  4-month  refresher  drug  rehabilitation  pro- 
gram in  another  state.  Nine  years  after  admission  to  the  first  rehabilitation 
program,  Keith  finally  attained  some  adult  goals.  Now  34  years  old.  he 
has  been  drug-free  for  10  years.  He  is  the  president  and  owner  of  a  suc- 
cessful discount  cellular  phone  business  that  he  started.  More  important,  a 
decade  ago,  he  reestablished  an  excellent  and  close  relationship  with  his 
parents.  As  far  as  I  can  tell,  Keith  remains  drug-free  except  for  an  occa- 
sional beer. 

Surgical  Experience  in  Patients  with  Cystic  Fibrosis:  A  25-Vear  Per- 
spective— Saltzman  DA,  Johnson  EM,  Feltis  BA,  Wilienski  C.  Warwick 
WJ,  Leonard  AS.  Pediatr  Pulmonol  2002  Feb;33(2l:l06-1 10. 

The  spectrum  of  surgical  diseases  in  patients  with  cystic  fibrosis  (CF)  has 
not  been  comprehensively  studied.  A  retrospective  review  of  792  consec- 


utive patients  with  CF  presenting  over  a  25  year  period  ( 1970-1994)  was 
made  to  determine  the  incidence  of  operations,  procedures  performed, 
complications  encountered,  and  impact  on  physical  development  and 
pumonary  function  tests  (PFTs).  A  total  of  191  operations  were  per- 
formed on  130  (I6'7r)  of  the  792  patients;  98  operations  (5l'7r)  were 
abdominal,  58  (30%)  thoracic,  and  31  (16%)  hernias;  64  were  male,  and 
66  female;  average  age  was  14  ±  10  years.  Complications  occurred  in  12 
(16%);  9  deaths  were  from  progressive  respiratory  failure,  2  from  superfi- 
cial wound  infections,  and  1  from  an  episode  of  line  sepsis.  In  the  first  15 
years,  9  complications  occurred  in  126  operations  vs.  3  in  73  operations 
during  the  last  10  years.  Operations  were  classified  as  emergent,  urgent, 
or  elective.  Of  the  9  deaths,  8  occurred  after  emergent  or  urgent  opera- 
tions (4  abdominal  and  4  thoracic),  while  I  death  occured  following  elec- 
tive herniorrhaphy.  For  each  subgroup,  (abdominal,  thoracic,  and  hernia), 
there  was  no  difference  in  height/weight  indicies,  peak  fiow ,  forced  vital 
capacity  (FVC).  forced  expired  volume  in  1  sec  (FEV|),  or  FEV|/FVC 
ratio  when  comparing  I  year  preoperation  and  1  year  postoperation.  In 
conclusion,  patients  in  this  high-risk  population  were  operated  on  with 
few  complications,  but  when  a  complication  occured  it  tended  to  be  pul- 
monary and  fatal  (4.7%  of  all  operations).  Furthermore,  operations  did 
not  cause  significant  deteriorations  in  PFTs  and  they  did  not  cause  these 
children  to  fall  otf  their  expected  age-adjusted  growth  curves. 
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Effect  of  Airway  Inflation  Pressure  on  Forced  Expiratory  Maneu- 
vers from  Raised  Lung  Volume  in  Infants — Luin  S.  Hoo  AF,  Stocks 
J.  Pedmtr  Pulmomil  2002  Fch;33(  2):  130-134. 

The  raised  lung  volume  technique  is  increasingly  used  to  measure 
forced  expiratory  maneuvers  in  infants.  However,  there  is  no  consensus 
regarding  the  optimal  airway  inflation  pressure  (Pmf)  required  for  such 
maneuvers,  or  the  influence  of  small  changes  in  P|„f  within  and  between 
infants.  The  aim  of  this  study  was  to  assess  the  effect  of  small  differ- 
ences (0.2-0.3  kPa)  in  P|„i  on  forced  vital  capacity  (FVC),  forced 
expired  volume  in  0.5  sec  (FEV05),  and  forced  expired  flow  at  75%  of 
vital  capacity  (FEF75),  all  derived  from  the  raised  volume  rapid  tho- 
raco-abdominal  compression  (RVRTC)  technique.  Randomized  paired 
forced  expiratory  maneuvers  were  obtained  in  32  healthy  infants  (  3.9- 
39.3  weeks  old,  3.8-9.9  kg)  with  the  safety  pressure  relief  valve  for  P,nf 
set  to  2.7  kPa  or  3.0  kPa  (27  or  30  cm  HiO).  When  mean  (SD)  P,nf  was 
increased  by  8.4  (2.8)%,  there  was  a  significant  (p  <  0.01)  increase  in 
mean  (SD)  FVC,  FEV,,,.  and  FEF75  by  5.8  (5.7)%.  6.1  (6)%,  and  8.3 
(16.2)%,  respectively.  In  conclusion,  relatively  small  differences  in  P,„f 
will  result  in  significant  differences  in  FVC,  FEVq  j,  and  FEF75  by 
RVRTC  technique.  Precision  in  setting  and  reporting  the  applied  P|„i  is 
therefore  essential,  particularly  if  data  are  to  be  compared  between  cen- 
ters. 

Levalbuterol  Hydrochloride — Slattery  D,  Wong  SW,  Colin  AA.  Pedi- 
atr  Pulmonol  2002  Feb;33(2):  15 1-157. 

Racemic  albuterol,  a  commonly  used  bronchodilator,  is  an  exact  50:50 
mixture  of  two  enantiomers,  R-  and  S-albuterol.  Concern  regarding 
increased  mortality  associated  with  the  use  of  this  beta-2  (62)  agonist 
triggered  the  study  of  both  of  these  enantiomers  separately.  In  vitro 
studies  suggest  that  the  two  enantiomers  have  different  binding  affini- 
ties for  B-adrenoreceptors,  may  exert  opposing  effects  on  inflammation, 
demonstrate  different  effects  on  mucocilary  transport,  and  display  dif- 
fering pharmacokinetics.  Clinical  studies  comparing  both  enantiomers 
are  few,  of  short  duration,  and  often  in  small  patient  populations,  and 
their  results  vary.  R-albuterol  has  greater  bronchodilatory  effects  than 
the  racemate  and  may  have  anti-inflammatory  properties.  S-albuterol 
has  markedly  less  affinity  for  the  S-adrenoreceptor.  It  was  found  to 
cause  bronchoconstriction  in  animal  models,  but  neither  bronchocon- 
strictive  nor  pro-inflammatory  effects  have  been  conclusively  demon- 
strated in  human  studies.  The  data  available  at  present,  while  sugges- 
tive, are  insufficient  to  conclusively  recommend  R-albuterol  over  the 
racemate.  Further  basic  research  and  investigations  in  humans  compar- 
ing both  enantiomers  at  increasing  doses  over  longer  time  periods  are 
required  to  clarify  the  precise  roles  of  R-  and  S-albuterol. 

Cystic  Fibrosis:  Keeping  It  in  the  Family — Crowley  S,  Bush  A.  Pediatr 
Pulmonol  2002  Feb;33(2):  158-161. 

Nearly  all  men  with  cystic  fibrosis  (CF)  are  infertile,  although  assisted 
conception  has  allowed  an  increasing  number  of  women  with  CF  to 
become  pregnant.  We  report  on  the  case  of  a  couple  investigated  for 
infertility  who  conceived  a  child  with  CF.  The  father  had  previously 
undergone  a  laparotomy  for  meconium  peritonitis  as  a  neonate,  and  the 
mother  had  recently  been  given  a  diagnosis  of  asthma.  Both  parents  ful- 
filled the  United  States  Cy.stic  Fibrosis  Foundation  diagnostic  criteria  for 
cystic  fibrosis.  We  discuss  the  mild  CF  phenotype  and  the  impact  of  the 
diagnosis  on  this  family. 

A  Multicentcr  Study  Comparing  the  ProSeal'"  and  Classic'"  Laryn- 
geal Mask  Airway  in  Anesthetized,  Nonparalyzed  Patients — Brima- 
conibe  J.  Keller  C,  Fullekrug  B,  Agro  F.  Rosenblatt  W,  Dierdorf  SF,  et  al. 
Anesthesiology  2002  Feb;96(2):289-295. 


BACKGROUND:  The  laryngeal  mask  airway  ProSeal™  (PLMA™).  a 
new  laryngeal  mask  device,  was  compared  with  the  laryngeal  mask  air- 
way Classic^"  (LMA'")  with  respect  to:  ( 1 )  insertion  success  rates  and 
times;  (2)  efficacy  of  seal;  (3)  fiberoptically  determined  anatomic  posi- 
tion; (4)  orogastric  tube  insertion  success  rates  and  times;  (5)  total  intra- 
operative complications;  and  (6)  postoperative  sore  throat  in  nonpara- 
lyzed adult  patients  undergoing  general  anesthesia,  hypothesizing  that 
these  would  be  different.  METHODS:  Three  hundred  eighty-four  non- 
paralyzed  anesthetized  adult  patients  (American  Society  of  Anesthesi- 
ologists physical  status  I — II)  were  randomly  allocated  to  the  PLMA'" 
or  LMA'"  for  airway  management.  In  addition.  50%  of  patients  were 
randomized  for  orogastric  tube  placement,  Unblinded  observers  col- 
lected intraoperative  data,  and  blinded  observers  collected  postopera- 
tive data.  RESULTS:  First-attempt  insertion  success  rates  (91  vs.  82%, 
p  =  0.015)  were  higher  for  the  LMA^"",  but  after  three  attempts  success 
rates  were  similar  (LMA™,  100%;  PLMA™,  98%).  Less  time  was 
required  to  achieve  an  effective  airway  with  the  LMA"*  (31  ±30  vs.  41 
±  49  s;  p  =  0.02).  The  PLMA™  formed  a  more  effective  seal  (27  ±  7  vs. 
22  ±  6  cm  HiO;  p  <  0.0001 ).  Fiberoptically  determined  anatomic  posi- 
tion was  better  with  the  LMA^^"  (p  <  0.0001).  Orogastric  tube  insertion 
was  more  successful  after  two  attempts  (88  vs.  55%;  p  <  0.0001 1  and 
quicker  (22  ±  18  vs.  38  ±  56  s)  with  the  PLMA""'.  During  maintenance, 
the  PLMA'"  failed  twice  (leak,  stridor)  and  the  LMA'^"  failed  once 
(laryngospasm).  Total  intraoperative  complications  were  similar  for 
both  groups.  The  incidence  of  postoperative  sore  throat  was  similar. 
CONCLUSION:  In  anesthetized,  nonparalyzed  patients,  the  LMA™  is 
easier  and  quicker  to  insert,  but  the  PLMA"'  forms  a  better  seal  and 
facilitates  easier  and  quicker  orogastric  tube  placement.  The  incidence 
of  total  intraoperative  complications  and  postoperative  sore  throat  are 
similar. 

Flexible  Lightwand-Guided  Tracheal  Intubation  with  the  Intubat- 
ing Laryngeal  Masli  Fastrach'"  in  Adults  After  Unpredicted  Failed 
Laryngoscope-Guided  Tracheal  Intubation — Dimitriou  V,  Voyagis 
GS,  Brimacombe  JR.  Anesthesiology  2002  Feb;96(2):296-299. 

BACKGROUND:  The  authors  determined  the  efficacy  of  using  the 
intubating  laryngeal  mask  airway  Fastrach'"  (ILM"')  as  a  ventilatory 
device  and  aid  to  flexible  lightwand-guided  tracheal  intubation  in 
patients  with  unpredicted  failed  laryngoscope-guided  tracheal  intuba- 
tion when  managed  by  experienced  anesthetists.  METHODS:  During  a 
27-month  period,  16  experienced  anesthetists  agreed  to  use  the  ILM^" 
as  an  airway  device  and  airway  intubator  in  patients  (aged  >  18  yr)  with 
predicted  normal  airways  who  were  subsequently  found  to  be  difficult 
to  intubate  (three  failed  attempts  at  laryngoscopy).  Intubation  via  the 
ILM'"  was  performed  with  a  flexible  lightwand.  The  number  of 
attempts  at  ILM^"  placement,  the  number  of  adjusting  maneuvers,  the 
number  of  attempts  at  tracheal  intubation  via  the  ILM'^.and  any 
episodes  of  hypoxia  (oxygen  saturation  <  90%)  were  recorded. 
RESULTS:  Forty-four  of  1 1,621  patients  (0.4%)  met  the  inclusion  cri- 
teria. ILMT"  insertion  and  ventilation  was  successful  at  the  first  attempt 
in  40  of  44  patients  (91%)  and  at  the  second  attempt  in  4  of  44  (9%). 
Flexible  lightwand-guided  tracheal  intubation  via  the  ILM'^"  was  suc- 
cessful in  38  of  44  patients  (86%)  at  the  first  attempt,  3  of  44  (7%)  at  the 
second  attempt,  2  of  44  (5%)  at  the  third  to  fifth  attempts,  and  failed  in 
1  of  44  (2%).  The  median  number  of  adjusting  maneuvers  before  suc- 
cessful intubation  was  1  (range.  0-4).  Hypoxia  occurred  in  5  patients 
before  ILM™  insertion  (range,  52-82%),  but  none  after  ILM'"  inser- 
tion. No  patient  developed  hypoxia  during  or  after  intubation  via  the 
ILM™.  CONCLUSION:  The  ILMT"  is  an  effective  ventilatory  device 
and  aid  to  flexible  lightwand-guided  tracheal  intubation  in  adult 
patients  with  predicted  normal  airways  in  whom  laryngoscope-guided 
tracheal  intubation  subsequently  fails  when  managed  by  experienced 
anesthetists. 
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Can  Assessment  for  Obstructive  Sleep  Apnea  Help  Predict  Postade- 
noton.sillectomy  Respiratory  Complications? — Wilson  K,  Lakheeram 
1,  Monelli  A,  Brouillette  R,  Brown  K.  Anesthesiology  2002 
Feb;96(2);3 13-322. 

BACKGROUND:  The  aim  of  this  study  was  to  determine  the  frequency 
and  type  of  respiratory  complications  after  adenotonsillectomy  in  chil- 
dren. A  second  aim  was  to  assess  the  ability  of  preoperative  sleep  studies 
to  identify  children  at  risk  for  respiratory  complications.  METHODS: 
Children  referred  for  sleep  studies  between  1992  and  1998,  who  under- 
went adenotonsillectomy  within  6  months  of  the  preoperative  study,  were 
reviewed.  The  study  focused  on  two  variables:  the  obstructive  apnea  and 
hypopnea  index  and  the  oxygen  saturation  nadir.  Medical  charts  were 
re\iewed  for  postoperative  respiratory  complications.  RESULTS:  Three 
hundred  forty-nine  children  were  referred  for  sleep  studies,  and  163  met 
the  inclusion  criteria.  Thirty-four  children  [IWc)  had  postoperative  respi- 
ratory complications  requiring  a  medical  intervention.  Children  experi- 
encing respiratory  complications  were  younger  (aged  <  2  yr;  adjusted 
odds  ratio.  4.3;  959f  confidence  interval,  1.7 — 1 1)  and  had  an  associated 
medical  condition  lodds  ratio.  3;  95%  confidence  interval.  1.4 — 6.5).  A 
preoperative  obstructive  apnea  and  hypopnea  index  of  5  or  more  events 
per  hour  increased  the  chance  of  postoperative  respiratory  complications 
(odds  ratio.  7.2;  95*^  confidence  interval,  2.7 — 19.3),  as  did  a  preopera- 
tive oxygen  saturation  nadir  of  80%  or  less  (odds  ratio.  6.4;  95%  confi- 
dence interval,  2.8 — 14,5).  A  preoperative  oxygen  saturation  nadir  of 
80%  or  less  had  a  likelihood  ratio  of  3.1.  increasing  the  probability  of 
postoperative  respiratory  complications  from  20  to  50%.  CONCLU- 
SIONS: The  data  suggest,  but  do  not  prove,  that  preoperative  nocturnal 
oximetry  could  be  a  useful  preoperative  test  to  identify  children  who  are 
at  increased  risk  for  postoperative  respiratory  complications. 
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Antibiotics  for  Common  Respiratory  Tract  Infections  in  Adults — 

Hirschmann  JV.  Arch  Inlern  Med  2()():  Feh  1 1;162(3):256-264. 

A  thorough  review  ofihe  published  inrormation  indicates  that  antibiotics 
rarely  benefit  acute  bronchitis,  exacerbations  of  asthma  and  chronic  bron- 
chitis, acute  pharyngitis,  and  acute  sinusitis,  although  they  are  commonly 
prescribed  for  these  illnesses.  Rather  than  prescribing  them  for  these  con- 
ditions, practitioners  should  explain  to  their  patients  that  antibiotics, 
which  have  numerous  adverse  effects,  will  not  hasten  resolution  of  their 
symptoms,  which  will  often  respond  to  other  medications.  Most  patients 
will  accept  this  approach  if  the  clinician  addresses  their  concerns,  shows  a 
personal  interest  in  them,  discusses  the  expected  course  of  the  ailment, 
and  explains  the  treatment. 

Central  Venous  Catheter  Use  Part  1:  Mechanical  Complications — 

Poldeniian  K.H.  Girbes  AJ.  Intensive  Care  Med  2002  Jan;28(l);l-17. 

Central  venous  catheters  are  being  increasingly  used  in  both  intensive 
care  units  and  general  wards.  Their  use  is  associated  with  both  mechani- 
cal and  infectious  complications.  This  review  will  focus  on  short-  and 
medium-term  mechanical  complications  of  catheter  placement;  infectious 
complications  will  be  discussed  in  a  separate  article.  The  most  important 
risk  factors  are  patient  characteristics  (morbidity,  underlying  disease  and 
local  anatomy),  the  expertise  of  the  doctor  performing  the  procedure,  and 
nursing  care.  Placement  aids,  such  as  ultrasound-guided  catheter  inser- 
tion, are  also  discussed. 

Central  Venous  Catheter  Use  Part  2:  Infectious  Complications — Pol- 
derman  H.  Girbes  J.  Intensive  Care  Med  2002  Jan;28(  I ):  1 8-28. 

Central  venous  catheters  (CVCs)  are  used  with  increasing  frequency  in 
the  intensive  care  unit  and  in  general  medical  wards.  Catheter  infection, 
the  most  frequent  complication  of  CVC  use.  is  associated  with  increased 
morbidity,  mortality,  and  duration  of  hospital  stay.  Risk  factors  in  the 
development  of  catheter  colonisation  and  bloodstream  infection  include 
patient  factors  (increased  risk  associated  with  malignancy,  neutropenia, 
and  shock)  and  treatment-related  factors  (increased  risk  associated  with 
total  parenteral  nutrition.  ICU  admission  for  any  reason,  and  endotracheal 
intubation).  Other  risk  factors  are  prolonged  catheter  indwelling  lime, 
lack  of  asepsis  during  CVC  insertion,  and  frequent  manipulation  of  the 
catheter.  The  most  important  factor  is  catheter  care  after  placement. 
Effects  of  CVC  tunnelling  on  infection  rates  depend  to  a  large  extent  on 
indwelling  time  and  the  quality  of  catheter  care.  Use  of  polyurethane 
dressings  can  increase  the  risk  of  colonisation  compared  to  regular  gauze 
dressing.  Thrombus  formation  around  the  CVC  tip  increases  the  risk  of 
infection;  low-dose  anticoagulants  may  decrea.se  this  risk.  New  develop- 
ments such  as  CVC  impregnation  with  antibiotics  may  reduce  the  risk  of 
infection.  Reducing  catheter  infection  rates  requires  a  multiple-strategy 
approach.  Therefore,  ICUs  and  other  locations  where  CVCs  are  used 
should  implement  strict  guidelines  and  protocols  for  catheter  insertion, 
care,  and  maintenance. 

Incidence  of  Recall,  Nightmares,  and  Hallucinations  During  Anal- 
gosedation  in  Intensive  Care — Rundshagen  I,  Schnabel  K.  Wegner  C. 
am  Esch  S.  Intensive  Care  Med  2002  Jan;28(  I  );38-43. 

OBJECTIVE:  To  define  the  incidence  of  recall  and  dreams  during  anal- 
gosedation  in  critically  ill  patients.  DESIGN:  Prospective  clinical  study. 
SETTING:  Anaesthesiological  intensive  care  unit  (ICU)  in  a  university 
hospital.  Patients  and  panicipants:  Two  hundred  and  eighty-nine  criti- 
cally ill  patients,  who  either  arrived  intubated  and  sedated  at  the  ICU  or 
required  intubation,  mechanical  ventilation,  and  sedation  during  their 
ICU  stay.  INTERVENTIONS:  none.  MEASUREMENTS  AND 
RESULTS:  The  patients  were  interviewed  48-72  h  after  discharge  from 
the  ICU.  By  a  structured  inter\  lew  they  were  asked  whether  they  recalled 


any  event  before  they  had  regained  consciousness  at  the  ICU.  Moreover 
they  were  asked  for  dreams.  Descriptive  statistics:  64.7%  of  all  patients 
did  not  recall  any  event,  before  they  regained  consciousness.  However, 
nVc  (  n=49)  of  all  patients  indicated  that  they  remembered  the  tracheal 
tube  or  being  on  the  ventilator,  before  they  woke  up.  Some  patients 
(2l.l'/''t)  reported  dreams  or  dreamlike  sensations.  Some  patients  (9,3%) 
recalled  nightmares,  while  6.6%  reported  hallucinations.  CONCLU- 
SIONS: Critically  ill  patients  reported  a  high  incidence  of  recall  for 
unpleasant  events,  which  they  thought  to  have  taken  place  before  they 
regained  consciousness.  The  patients,  who  stayed  longer  than  24  h  at  the 
ICU,  indicated  vivid  memory  for  nightmares  and  hallucinations.  Further 
studies  are  suggested  to  evaluate:  1 1  whether  there  is  an  impact  of  the  pre- 
sent findings  on  outcome;  and  2)  whether  clinical  scores  for  sedation  or 
neurophysiological  monitoring  help  to  define  the  exact  lime,  when  recall 
happens,  in  order  to  guide  therapeutic  intervention. 

Respiratory  Mechanics  by  Least  Squares  Fitting  in  Mechanically 
Ventilated  Patients:  Application  on  Flow-Limited  COPD  Patients — 

Volla  CA,  Marangoni  E.  Alvisi  V,  Capuzzo  M.  Ragazzi  R.  Pavanelli  L, 
Alvisi  R.  Intensive  Care  Med  2002  Jan;28(  1  ):48-52. 

OBJECTIVE:  Although  computerized  methods  of  analyzing  respiratory 
system  mechanics  such  as  the  least  squares  fitting  method  have  been  used 
in  various  patient  populations,  no  conclusive  data  are  available  in  patients 
with  chronic  obstructive  pulmonary  disease  (COPD),  probably  because 
they  may  develop  expiratory  flow  limitation  (EfT,).  This  suggests  that 
respiratory  mechanics  be  determined  only  during  inspiration.  SETTING: 
Eight-bed  multidisciplinary  ICU  of  a  teaching  hospital.  PATIENTS: 
Eight  non-tlow-limited  postvascular  surgery  patients  and  eight  flow-lim- 
ited COPD  patients.  INTERVENTION:  Patients  were  sedated,  paralyzed 
for  diagnostic  purposes,  and  ventilated  in  volume  control  ventilation  with 
constant  inspiratory  flow  rate.  MEASUREMENTS:  Data  on  resistance, 
compliance,  and  dynamic  intrinsic  positive  end-expiratory  pressure 
(PEEPi.dym)  obtained  by  applying  the  least  squares  fitting  method  during 
inspiration,  expiration,  and  the  overall  breathing  cycle  were  compared 
with  those  obtained  by  the  traditional  method  (constant  flow,  end-inspira- 
tory  occlusion  method).  RESULTS  .AND  CONCLUSION:  Our  results 
indicate  that  (a)  the  presence  of  EFL  markedly  decreases  the  precision  of 
resistance  and  compliance  values  measured  by  the  LSF  method,  (b)  the 
determination  of  respiratory  variables  during  in.spiration  allows  the  calcu- 
lation of  respiratory  mechanics  in  flow  limited  COPD  patients,  and  (c)  the 
LSF  method  is  able  to  detect  the  presence  of  PEEP,.jyn  if  only  inspiratory 
data  are  used. 

Complications  of  Bronchoscopically  Guided  Percutaneous  Dilational 
Tracheostomy:  Beyond  the  Learning  Curve — Beiderlinden  M.  Karl 
Walz  M.  Sander  A,  Groeben  H,  Peters  J.  Intensive  Care  Med  2002 
Jan;28(  I  ):59-62. 

OBJECTIVE:  To  assess  the  complication  rate  of  bronchoscopically 
guided  percutaneous  dilational  tracheostomy  (PDT).  with  tracheal  tube 
suture  fixation  and  no  elective  tracheostomy  tube  exchange,  after  experi- 
ence had  been  gained.  DESIGN:  Prospective  clinical  study.  SETTING: 
Anaesthesiological  ICU  with  mixed  surgical  and  medical  patients  in  a 
university  hospital.  PATIENTS:  Hundred  thirty-three  mechanically  ven- 
tilated patients  (mean  age:  54.8  years,  range:  13-87  years)  with  indication 
for  PDT,  many  with  thrombocytopenia  and/or  coagulation  deficits. 
INTERVENTIONS:  Hundred  thirty-six  consecutive  PDTs  performed  by 
residents  under  bronchoscopic  guidance  with  stepwise  dilation  (  n=l  14, 
Ciaglia's  conventional  system)  or  conic  dilation  (  n=22.  "Blue  Rhino" 
approach)  and  supervision  of  experienced  staff  anaesthesiologists.  Tra- 
cheostomy tubes  were  fixed  to  the  skin  with  a  suture  and  no  routine 
exchange  of  tracheostomy  tubes  was  performed.  Complications  were  cat- 
egorised and  the  results  were  also  compared  to  an  earlier  prospective 
study.  RESULTS:  The  incidence  of  tracheostomy  tube-related  complica- 
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lions  (hypoxaemia.  cannula  ml^placement,  accidental  decannulation,  cuff 
rupture  and  hernia,  or  posterior  tracheal  wall  lesion)  was  low  (0.7%)  and 
significantly  less  (6.2'7f.  p=0.01 )  than  in  our  earlier  study.  No  patient  died 
of  PDT-associated  complications.  We  recorded  four  (2.9'7f )  clinically  rel- 
evant bleeding  episodes.  Insertion  of  tracheal  tubes  was  easy  or  only 
moderately  difficult  in  86.7%.  CONCLUSION;  With  experience  in  per- 
forming PDT.  fixation  of  the  tracheal  cannula,  and  omission  of  routine 
change  of  tracheostomy  tubes  complication  rate  of  PDT  is  low . 

The  Use  of  the  Laryngeal  Mask  Airway  As  an  Alternative  to  the 
Endotracheal  Tube  During  Percutaneous  Dilatational 
Tracheostomy — Dosemeci  L,  Yilniaz  M.  Gurpinar  F.  Rania/anoglu  A. 
Intensive  Care  Med  2002  Jan;28(  1  ):63-67. 

OBJECTIVE:  To  evaluate  the  safety  and  efficiency  of  the  use  of  the 
laryngeal  mask  airway  (LMA)  during  percutaneous  dilatational  tra- 
cheostomy under  bronchoscopic  guidance  comparing  with  the  ventilation 
via  endotracheal  tube  (ET).  DESIGN  AND  SETTING:  Prospective,  ran- 
domized clinical  trial  in  the  eight-bed  general  intensive  care  unit  of  a  uni- 
versity hospital.  PATIENTS:  60  consecutive  adult  critically  ill  patients 
who  required  elective  tracheostomy  for  a  period  of  12  months.  INTER- 
VENTIONS: Patients  were  randomly  assigned  to  ventilated  via  LMA 
(n=30  patients),  and  to  ventilated  via  ET  (  n=30).  MEASUREMENTS 
AND  RESULTS:  Blood  samples  for  arterial  blood  gas  analyses  were 
taken  before  the  procedure  (first  value)  and  just  before  the  insertion  of 
u^acheostomy  tube  (second  value).  There  was  no  significant  difference  in 
pH,  PaO;.  or  Pjco;  between  groups  before  the  procedure.  The  operating 
time  was  significantly  shorter  in  LMA  group  (4.5±0.8  min  versus  S.9±l  .4 
min).  .Although  the  second  Paco;  values  were  higher  than  the  first  in  both 
groups,  the  rise  in  was  significantly  higher  in  ET  group  (6.8±3.5  mm  Hg 
vs.  4.5±2.4  mm  Hg).  Hypercarbia  was  noted  in  10  patients  (38.5% )  in  the 
LMA  group  and  1 7  (56.7% )  in  the  ET  group.  The  decrease  in  pH  related 
to  hypercarbia  was  noted  in  both  groups,  but  it  was  more  significant  in  the 
ET  group  (  p<0.05).  CONCLUSION:  LMA  is  an  effective  and  successful 
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ventilatory  device  during  percutaneous  dilatulional  tracheostomy.  It 
improves  visualization  of  the  trachea  and  larynx  during  tlberoptic- 
assisted  percutaneous  dilatational  tracheostomy  and  prevents  the  difficul- 
ties associated  with  the  use  of  ET  such  as  cuff  puncture,  tube  transection 
by  the  needle,  and  accidental  extubation.  The  use  of  a  bronchoscope  and 
the  puncture  of  the  ET  cuff  cause  major  increases  in  Paco;- 

Lymphangioleiomyomatosis:  A  Review  of  the  Literature — Hancock 
E.  Osborne  J.  Respir  Med  2002  Jan;96(l):l-6. 

Lymphangioleiomyomatosis  (LAM),  characterized  by  alveolar  smooth 
muscle  proliferation  and  cystic  destruction  of  lung  parenchyma,  can 
occur  as  a  rare  sporadic  disease  or  as  a  complication  of  tuberous  sclerosis 
(TSC).  It  is  a  cystic  lung  disease,  usually  generalized  and  progressive, 
may  be  extremely  difficult  to  treat  and  has  been  considered  to  have  a  poor 
prognosis.  It  has  almost  exclusively  been  reported  to  present  in  women  of 
childbearing  age.  most  commonly  with  dyspnoea  and  pneumothorax.  We 
reviewed  the  English  literature  from  1939  to  1997  for  cases  of  LAM  both 
with  and  without  TSC.  in  order  to  document  the  prevalence,  clinical  fea- 
tures, investigations,  treatment  and  outcome  within  and  between  these 
two  groups.  No  study  has  yet  determined  the  prevalence  of  LAM  symp- 
tomatically  within  the  general  population,  but  it  probably  affects  1-3^^  of 
the  TSC  population.  Patients  with  TSC  often  present  with  an  insidious 
onset  of  dyspnoea  whilst  non-TSC  patients  present  more  commonly  with 
acute  breathlessness  secondary  to  pneumothorax.  Patients  with  TSC  are 
also  less  likely  to  suffer  from  chylothorax.  The  age  of  onset  of  symptoms 
and  of  diagnosis  are  similar.  LAM  is  rare  in  children  and  even  less  com- 
mon in  males  in  both  groups.  The  natural  course  of  LAM  remains  unclear 
and  effect  of  treatment  variable.  Although  symptomatic  LAM  is  uncom- 
mon it  causes  a  significant  amount  of  morbidity  and  mortality  both  in  the 
TSC  and  general  population,  but  asymptomatic  LAM  is  not  uncommon  in 
TSC,  Further  research  is  required  to  determine  the  natural  history  of  this 
condition  and  to  evaluate  current  treatment  regimes. 

Gastroesophageal  Reflux,  Asthma,  and  Mechanisms  of  Interaction — 

Harding  SM.  Am  J  Med  2001  Dec3;lll  SuppI  8A:8S-I2S. 

Gastroesophageal  reflux  (GER)  is  a  potential  trigger  of  asthma.  The 
esophagus  and  lung  interact  through  a  variety  of  mechanisms.  Esophageal 
acid-induced  bronchoconstriction  can  be  provoked  by  a  vagally  mediated 
reflex,  whereby  acid  in  the  distal  esophagus  produces  airway  responses: 
by  neural  enhancement  of  bronchial  reactivity,  whereby  esophageal  acid 
augments  airway  hyperresponsiveness;  or  by  microaspiration,  in  which 
small  amounts  of  esophageal  acid  in  the  upper  airway  cause  significant 
airway  responses.  Interestingly,  even  in  the  microaspiration  model,  the 
vagus  nerve  plays  a  significant  role.  Neurogenic  intlammation  in  the  lung 
may  occur  with  either  vagally  mediated  mechanisms  or  with  microaspira- 
tion. The  prevalence  of  reflux  symptoms,  esophagitis,  and  abnormal 
esophageal  acid  contact  time  is  higher  in  patients  with  asthma  than  in  con- 
trol populations.  Potential  mechanisms,  whereby  asthma  may  predispose 
to  the  development  of  GER,  include  autonomic  dysregulation,  an 
increased  pressure  gradient  differential  between  the  thorax  and  the 
abdomen,  a  high  prevalence  of  hiatal  hernia,  alterations  in  crural 
diaphragm  function,  and  bronchodilator  medication  use.  Further  research 
will  help  define  how  the  esophagus  and  lung  interact. 

Nocturnal  Asthma  and  Gastroesophageal  Reflux — Cibella  F,  Cuttitta 
G.Am  J  Med  2001  Dec3;lll  SuppI  8A:3IS-36S, 

Bronchial  asthma  is  a  complex  disease  involving  various  cyclic  environ- 
mental and  chronobiologic  factors.  In  patients  with  asthma,  nocturnal 
gastroesophageal  reflux  (GER)  has  been  associated  with  triggering  and 
worsening  bronchoconstriction.  There  are  data  to  suggest  that  the  preva- 
lence of  GER  is  higher  in  patients  with  a,sthma  than  in  the  general  popula- 
tion and  that  GER  is  directly  associated  with  asthma  severity.  However, 


the  role  of  GER  in  asthma  remains  controversial;  some  studies  suggest 
that  reflux  does  not  mediate  nocturnal  asthma  symptoms.  This  article 
reports  the  results  from  a  study  conducted  in  7  adult  patients  affected  by 
nocturnal  asthma  and  moderate  to  severe  GER  disease.  The  relation 
between  GER  and  asthma  was  tested  by  continuously  and  simultaneously 
monitoring  respiratory  resistances  and  esophageal  pH.  The  study  demon- 
strated a  significant  correlation  between  lower  respiratory  resistances  and 
spontaneous  GER.  More  specifically,  both  long  (more  than  5  minutes' 
duration)  and  short  (5  minutes'  or  less  duration)  GER  episodes  elicited 
bronchoconstriction  in  patients  with  asthma  who  had  moderate  to  severe 
GER  disease.  The  severity  and  duration  of  bronchoconstriction  were 
related  to  the  duration  of  GER. 

Underlying  Mechanisms  of  Respiratory  Symptoms  with  Esophageal 
Acid  When  There  Is  No  Evidence  of  Airway  Response — Field  SK.  Am 
J  Med  2001  Dec  3;1 1 1  SuppI  8A:37S-40S. 

Although  a  strong  association  exists  between  gastroesophageal  reflux 
(GER)  and  asthma,  results  of  studies  designed  to  maximize  the  likelihood 
of  identifying  that  GER  worsens  pulmonary  function  in  patients  with 
asthma  have  been  negative  or  inconclusive.  Asthma  symptoms  worsen 
during  symptomatic  reflux  episodes,  and  asthma  symptom  severity  corre- 
lates with  the  severity  of  symptomatic  reflux.  Various  reasons  have  been 
proposed  to  explain  these  findings.  Discomfort  associated  with  GER  can 
cause  retlux-associated  respiratory  symptoms  even  when  pulmonary 
function  is  normal.  New  findings  suggest  that  increases  in  minute  ventila- 
tion rather  than  inhibition  of  diaphragm  activity  are  responsible  for  the 
changes  in  respiratory  sensation  during  acid  perfusion  of  the  esophagus  in 
nonasthmatic  subjects.  These  results  may  also  pertain  to  asthmatic 
patients,  because  increasing  minute  ventilation  can  cause  dyspnea  and 
bronchospasm  in  this  population.  Treating  GER.  either  medically  or  sur- 
gically, may  improve  asthma  symptoms  by  preventing  GER-induced 
changes  in  minute  ventilation. 

Interstitial  Lung  Disease  and  Gastroesophageal  Reflux — Ing  AJ.  Am 

J  Med  2001  Dec  3;l  1 1  SuppI  8A:41S-44S. 

Gastroesophageal  reflux  (GER)  has  been  associated  with  a  number  of 
interstitial  lung  diseases,  including  systemic  sclerosis  and  idiopathic  pul- 
monary fibrosis.  Systemic  sclerosis  results  in  both  pulmonary  and 
esophageal  manifestations,  and  studies  have  shown  a  correlation,  but  no 
causal  relation,  between  GER  and  pulmonary  fibrosis  in  this  condition. 
The  role  of  GER  in  idiopathic  pulmonary  fibrosis  has  recently  been  stud- 
ied using  esophageal  pH  monitoring,  and  the  results  show  high  prevalence 
of  GER  compared  with  normal  individuals  and  patients  with  other  intersti- 
tial lung  diseases  of  known  cause.  Aggressive,  long-term  therapy  of  GER 
and  evaluation  of  its  effect  on  pulmonary  disease  will  allow  determination 
of  the  real  intltience  of  GER  on  idiopathic  pulmonary  fibrosis.  Additional 
outcomes-based  studies  and  therapeutic  trials  lu-e  needed  to  clarify  the 
association  between  GER  and  interstitial  lung  diseases. 

Cough  and  Gastroesophageal  Reflux:  Identifying  Cough  and  Assess- 
ing the  Efficacy  of  Cough-Modifying  Agents — Irwin  RS,  French  CT, 
Am  J  Med  2001  Dec  3;1 1 1  SuppI  8A;45S-50S. 

From  a  symptom  research  standpoint,  much  has  been  learned  about  the 
management  of  cough  in  general  and  cough  caused  by  gastroesophageal 
reflux  disease  in  particular.  Yet.  before  funher  .idvances  can  be  made  in 
our  understanding  of  how  to  best  manage  patients  with  this  cominon 
symptom,  methodologic  challenges  remain  to  be  solved.  One  of  the  most 
basic  is  the  development  of  valid  and  reliable  methods  by  which  to  iden- 
tify cough,  assess  its  impact  on  patients,  and  assess  the  efficacy  of  cough 
therapies.  Herein,  we  review  the  characteristics  of  cough  that  relate  to  its 
assessment  and  how  the  effect  of  drug  treatment  on  cough  has  been 
assessed.  Perspective  is  provided  on  evaluating  the  efficacy  of  cough- 
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Abstracts 


modifying  agents  and  the  optimal  meihoil  lor  identifying  a  cough  and 
linking  it  with  a  reflux  event.  Investigators  should  use  both  subjective  and 
objective  methods,  because  they  have  the  potential  to  measure  different 
aspects  of  cough.  Subjective  measures,  such  as  a  cough-specific  quality- 
of-life  instruments,  are  likely  to  best  reflect  the  severity  of  cough  from  the 
patient's  standpoint,  because  a  subjective  response  most  likely  integrates 
both  cough  frequency  and  intensity.  The  ideal  objective  method  should 
allow  cough  to  be  automatically  counted  over  24  hours  in  an  ambulatory 
setting.  Although  it  is  theoretically  possible  to  design  and  construct  such 
a  de\ice  that  is  also  relatively  unobtrusive,  reliable,  and  accurate,  one  is 
not  yet  available. 

Protection  of  the  Lungs  from  Acid  During  Aspiration — Effros  RM. 
Hogan  G.  Wahlen  Hoagland  K.  Olson  L.  Lin  W.  Am  J  Med  2001  Dec 
3;  111  Suppl  8A:56S-59S. 

Unlike  the  thick  mucosa  that  normally  covers  the  upper  gastrointestinal 
tract,  the  membranes  that  cover  the  distal  surfaces  of  the  lungs  are 
remarkably  attenuated.  This  permits  rapid  exchange  of  gases  between  the 
airspaces  and  pulmonary  vasculature,  and  may  make  the  lungs  more  sus- 
ceptible to  acid  challenges  associated  with  acid  reflux  and  aspiration. 
Any  injury  to  the  alveolar  epithelium  could  result  in  the  movement  of 
solute  and  water  into  the  airspaces  (chemical  pneumonia)  and  impair  gas 
exchange.  In  this  study,  we  used  a  fluorescent  approach  to  compare  the 
relative  permeability  of  the  apical  basolateral  surfaces  of  the  lungs  to  the 
exchange  of  the  ionic  forms  of  acids  and  bases.  The  apical  membranes 
proved  to  be  much  less  permeable  to  NH""*  and  HCO'*  than  the  basolat- 
eral membranes.  This  asymmetry  in  permeability  should  enhance  resis- 
tance of  the  epithelium  to  inspired  acidic  challenges  by  slowing  entry  of 
acid  into  the  cells  and  by  linking  the  intracellular  pH  of  the  alveolar  cells 


to  that  of  the  plasma,  which  is  a  relatively  large,  well-buffered  compart- 
ment. Evidence  also  was  obtained  that  the  acid  is  secreted  by  the  mem- 
branes covering  the  lungs. 

An  Overview  of  Reflux-Associated  Disorders  in  Infants:  Apnea, 
Laryngospasm,  and  Aspiration — Orenstein  SR.  Am  J  Med  2001  Dec 
3;111  Suppl  8A:60S-63S. 

Problematic  airway  responses  in  infants  are  common.  Reflux-induced 
apnea  affects  nearly  1  %  of  infants  and  involves  airway  closure  or  laryn- 
gospasm. Recurrent  or  chronic  stridor,  caused  by  dynamic  or  structural 
airway  abnonnalities.  occurs  in  up  to  1  in  100  babies.  It  can  be  difficult  to 
distinguish  microaspiration,  which  may  represent  inadequate  airway  pro- 
tection mechanisms,  from  reflexive  responses  to  esophageal  refluxate, 
which  may  represent  overeffective  airway  protection  mechanisms.  The 
diagnosis  of  gastroesophageal  reflux  (GER)  in  babies  can  be  facilitated 
by  a  careful  history  in  conjunction  with  esophageal  pH  probe  monitoring, 
laryngoscopic  evaluation,  bronchoalveolar  lavage,  or  nuclear  medicine 
scintigraphy.  Conservative  lifestyle  measures  for  treating  suprae- 
sophageal  manifestations  of  infantile  GER  include  prone  positioning  and 
thickened  feedings.  Prokinetic  and  acid-suppressing  therapies  are  widely 
used,  but  their  efficacy  is  incompletely  established,  and  none  is  currently 
approved  by  the  US  Food  and  Drug  Administration  for  this  purpose.  Fun- 
doplication  is  not  indicated  if  nonsurgical  management  can  prevent  seri- 
ous problems  during  the  child's  maturation  phase  when  many  of  these 
manifestations  spontaneously  resolve.  Much  remains  to  be  learned  about 
the  developmental  aspects  of  these  supraesophageal  manifestations  of 
GER.  This  information  not  only  will  provide  a  greater  understanding  of 
developmental  pathophysiology,  but  also  will  improve  the  clinical  care  of 
large  numbers  of  infants. 
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needs  in  a  variety  of  clinical  settings,  and  meet 
your  budgetary  requirements  equally  as  well. 


i 


At  VersaMed,  we're  shaping  the  future  of  ventilation, 
and  developing  tools  to  help  you  be  your  best. 


iVent201  is  designed  to  follow  your 
patient  through  the  continuum  of  care. 
Call  for  a  demo  at  1  -800-475-9239. 
Or  visit  www.versamed.net. 
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Continuing  Education  that  meets  your  regulatory  and 
licensure  requirements  for  continuing  education. 


Satellite  Videoconferences 

and  Teleconferences 

with  Video  That  Meet 

Your  Regulatory  and 

Licensure  Requirements 

for  Respiratory  Therapy 

and  Nursing 


Everyone  in  your  facility 
is  eligible  to  participate! 


EIGHT  HOT  TOPICS  FOR  2002 


1  Withholding  and  Withdrawing  Life  Support  in  the  ICU 

2  Weaning  from  Mechanical  Ventilation:  New  Insights,  New  Guidelines 

3  Neonatal  and  Pediatric  Ventilators:  What's  the  Difference? 

4  Ventilator  Graphs:  What's  With  That  Wave? 

5  Talking  With  Patients  and  Families  About  Death  and  Dying 

6  Pressure  vs.  Volume  Ventilation:  Does  It  Matter? 

7  Inpatient  Management  of  COPD 

8  High-Frequency  Oscillatory  Ventilation 


Professor's  Rounds  2002  Program  Guide 


PROGRAM  1:   Withholding  and  Withdrawing 
Life  Support  in  the  ICU 

Gordon  D.  Rubenfeid.  MD  and  Richard  D.  Branson,  BA,  RRT,  FAARC 

This  presentation  will  give  you  a  blueprint  for  dealing  with  the  dying 
patient  and  their  family  members.  It  will  teach  you  how  to  determine  the 
proper  time  and  method  of  addressing  end  of  life.  Plus,  it  details  how 
management  of  end  of  life  does  not  reside  with  a  single  caregiver  but  is 
part  of  the  process  for  everyone  involved  in  the  patient's  care. 
Live  Videoconference  Febniaiy  12,  11:30  a.in.  -  1:00  p.m.  Cential  Time 
Teleconference  with  Video  Maich  5,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  2:  Weaning  from  Mechanical  Ventilation: 
New  Insights,  New  Guidelines 

Neil  R.  Maclntyre,  MO,  FAARC  and  Dean  R.  Hess,  PhD,  RRT.  FAARC 

This  program  will  help  you  to  understand  what  conditions  determine 
that  a  patient  is  ventilator  dependent.  Reviews  evidence-based  weaning 
guidelines  and  the  keys  to  successful  weaning.  Teaches  how  you  can 
expedite  the  weaning  process  and  discontinuation  of  the  ventilator. 

Live  Videoconference  April  16,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  May  lA,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  3:   Neonatal  and  Pediatric  Ventilators: 
What's  the  Difference? 

Mark  J.  Heulitt.  MD,  FAARC,  and  Richard  D.Branson,  BA,  RRT,  FAARC 

This  session  will  give  you  an  understanding  of  the  critical  differences 
between  adults  and  children.  Discussion  will  cover  how  and  why  the 
ventilator  is  triggered  in  this  population;  management  of  the  work  of 
breathing  and  physiologic  differences;  and  ventilator  design  and  the 
modes  of  artificial  ventilation  available. 

Live  Videoconference  May  21,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  June  25,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  4:  Ventilator  Graphs:  Whafs  With  That  Wave? 

Jon  0.  Nilsestuen,  PhD,  RRT.  FAARC  and  Richard  D.  Branson.  BA.  RRl  FAARC 

You  will  learn  why  checking  a  graphics  display  for  critical  markers  is 
essential  in  proper  utilization  of  waveforms.  Plus,  you  will  learn  how  to 
distinguish  between  machine  breaths  and  patient  pressure  support  breaths 
and  how  to  use  this  information  in  ventilator  adjustments.  You  will  also 
team  about  auto-PEEP  and  how  to  identify  its  presence  on  a  graphics  trace. 

Live  Videoconference  July  16,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  August  13,  11:30  a.m.  -  12:00  Noon  Central  Time 


PROGRAM  5:  Talking  With  Patients  and 

Families  About  Death  and  Dying 

Helen  M.  Sorensen,  MA,  RRT.  FAARC  and   David  J.  Pierson.  MD.  FAARC 

Learn  how  communication  is  a  key  to  easing  suffering  at  end  of  life 
and  how  to  make  dying  easily  understood  by  all  parties.  Also,  learn  how 
attitudes  toward  death  vary  among  different  ethnic  groups  and  how  to 
recognize  the  importance  these  differences  play  in  termination  of  life  support. 

Live  Videoconference  August  20,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  September  17,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGEAM  6:   Pressure  versus  Volume  Ventilation: 
Does  It  Matter? 

Robert  5.  Campbell.  RRl  FAARC  and  Richard  D.  Branson.  BA,  RRT  FAARC 

This  program  will  give  you  a  grasp  of  all  the  variables  that  enter  into 
the  decision  to  use  pressure  or  volume  ventilation.  You  will  gain  an 
understanding  of  the  physiology  of  assisted  breathing  and  how  it  is  key  to 
final  selection  of  ventilatory  mode.  You  will  also  learn  what  is  displayed 
on  ventilator  screens  and  where  to  look  for  the  information. 
Live  Videoconference  September  10,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  vrith  Video  October  8,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  7:   Inpatient  Management  of  COPD 

Randall  Rosenblatt,  MD  and  David  J.  Pierson,  MD,  FAARC 

Learn  the  accepted  guidelines  for  identifying  and  treating  patients  with 
COPD,  including  the  therapeutic  efficacy  of  steroids  in  the  management  of 
the  acute  exacerbation  of  COPD.  You  will  also  learn  about  respiratory 
failure  and  other  potential  complications  that  would  require  intervention 
in  the  patient's  care. 

Live  Videoconference  October  22,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  November  12,  11:30  a.m.  -  12:00  Noon  Central  Time 

PROGRAM  8:   High-Frequency  Oscillatory  Ventilation 

Thomas  f.  Stewart,  MD  and  Richard  D.  Branson,  BA,  RRl  FAARC 

Learn  how  proper  ventilator  management  can  preclude  inflicting  harm 
on  the  artificially  ventilated  patient.  Plus,  you  will  also  gain  an 
understanding  of  the  conditions  warranting  HFOV,  its  potential 
complications,  and  how  to  identify  the  correct  patient  for  this  procedure. 

Live  Videoconference  November  19,  11:30  a.m.  -  1:00  p.m.  Central  Time 
Teleconference  with  Video  December  10,  11:30  a.m.  -  12:00  Noon  Central  Time 


Registration 
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programs     gt-   #5 


$245  per  facility 
($215  for  AARC  Members) 
#2  #3  H4 

#6         ■  #7       II  #8 


_  Entire  Series  of  Eight   -   $1,395  per  facility 

($1,225  for  AARC  Members) 

Late  Registration  Fee  of  $15  if  registering  within  one  week  of  program 

Reception  Options  (You  Must  select  One  Only) 
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Pressure-Controlled  Versus  Volume-Controlled  Ventilation: 

Does  It  Matter? 
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Other  Forms  of  Pressure-Controlled  Ventilation 
Volume  Control  Versus  Pressure  Control:  Does  It  Matter? 

Cardiorespiratory  Variables 

Patient  Work  of  Breathing  and  Comfort 

Outcome 
Summary 

Volume-controlled  ventilation  (VCV)  and  pressure-controlled  ventilation  (PCV)  are  not  different 
ventilatory  modes,  but  are  different  control  variables  within  a  mode.  Just  as  the  debate  over  the 
optimal  ventilatory  mode  continues,  so  too  does  the  debate  over  the  optimal  control  variable.  VCV 
offers  the  safety  of  a  pre-set  tidal  volume  and  minute  ventilation  but  requires  the  clinician  to 
appropriately  set  the  inspiratory  flow,  flow  waveform,  and  inspiratory  time.  During  VCV,  airway 
pressure  increases  in  response  to  reduced  compliance,  increased  resistance,  or  active  exhalation  and 
may  increase  the  risk  of  ventilator-induced  lung  injury.  PCV,  by  design,  limits  the  maximum  airway 
pressure  dcli>  ered  to  the  lung,  but  may  result  in  variable  tidal  and  minute  volume.  During  PCV  the 
clinician  should  titrate  the  inspiratory  pressure  to  the  measured  tidal  volume,  but  the  inspiratory 
flow  and  flow  waveform  are  determined  by  the  ventilator  as  it  attempts  to  maintain  a  square 
inspiratory  pressure  profde.  Most  studies  comparing  the  effects  of  VCV  and  PCV  were  not  well 
controlled  or  designed  and  offer  little  to  our  understanding  of  when  and  how  to  use  each  control 
variable.  Any  benefit  associated  with  PCV  with  respect  to  ventilatory  variables  and  gas  exchange 
probably  results  from  the  associated  decelerating-flow  waveform  available  during  VCV  on  many 
ventilators.  Further,  the  beneficial  characteristics  of  both  VCV  and  PCV  may  be  combined  in 
so-called  dual-control  modes,  which  are  volume-targeted,  pressure-limited,  and  time-cycled.  PCV 
offers  no  advantage  over  VCV  in  patients  who  are  not  breathing  spontaneously,  especially  when 
decelerating  flow  is  available  during  VCV.  PCV  may  offer  lower  work  of  breathing  and  improved 
comfort  for  patients  with  increased  and  variable  respiratory  demand.  Key  words:  mechanical  ven- 
tilation.  pressure  conlrol.  voliiine  control.     [Respir  Care  2()()2;47(4):416-424] 
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Pressure-Controlled  Versus  Volume-Controlled  Ventilation 


IntrodiictiHn 

The  goal  of  mechanical  \ciUilalion  is  to  provide  or  im- 
prove ventilation,  oxygenation,  lung  mechanics,  and  pa- 
tient comfort  while  minimizing  any  associated  complica- 
tions. The  earliest  mechanical  ventilators  used  on  humans 
were  pressure  controllers.  They  were  not  truly  pressure- 
limited;  rather  they  were  pressure-cycled,  terminating  the 
inspiratory  phase  when  a  set  pressure  was  achieved.  Pres- 
sure pre-set  ventilation  fell  from  favor,  however,  because 
of  the  inability  to  monitor  delivered  tidal  volume  (Vj)  and 
control  minute  ventilation  (V[^).  In  an  effort  to  overcome 
those  limitations,  new  ventilators  were  developed  that  used 
volume-control.  This  allowed  clinicians  better  control  and 
regulation  of  both  Vj  and  V^..  There  was  renewed  interest 
in  the  pressure-limited  approach  in  the  early  1980s  for  the 
management  of  severe  respiratory  distress.  Priority  was 
placed  on  limiting  high  inflation  pressures,  which  were 
known  to  cause  or  worsen  lung  injury.'-^  Debate  over  the 
most  efficient  and  safest  control  mode  has  continued  ever 
since,  often  reaching  religious  fervor. 

This  review  offers  detailed  definitions  and  descriptions 
of  the  various  modes  of  volume-controlled  and  pressure- 
controlled  ventilation.  Proposed  advantages  and  disadvan- 
tages of  each  approach  to  ventilatory  support  are  com- 
pared, and  evidence  from  the  available  literature  is 
considered. 

Definitions  and  Technical  Descriptions 

First  it  must  be  emphasized  that  volume-controlled  and 
pressure-controlled  ventilation  are  not  different  modes  of 
ventilation.  The  mode  of  ventilation  is  determined  by  the 
breath  types  (mandatory  and/or  spontaneous)  available  to 
the  patient  and  how  the  timing  of  each  breath  type  is 
determined.-*  Within  each  mode  the  trigger,  control,  limit, 
and  cycle  variables  must  be  defined. '  The  selection  of 
volume  or  pressure  simply  determines  the  control  variable 
that  is  used  to  facilitate  gas  flow  to  the  patient.  The  un- 
derlying mode  of  ventilation  (eg,  continuous  mandatory 
ventilation  or  synchronized  intermittent  mandatory  venti- 
lation) will  be  maintained  independent  of  the  control  vari- 
able. As  an  example,  a  mode  allowing  only  mandatory 
breaths  is  referred  to  as  continuous  mandatory  ventilation. 
If  the  patient  is  allowed  to  trigger  additional  mandatory 
breaths,  we  refer  to  the  mode  as  assist-control  mandatory 
ventilation.  If  volume  is  the  control  variable,  that  mode 
should  be  referred  to  as  volume-control/assist-control.  If 
the  clinician  changes  the  control  variable  to  pressure,  then 
the  label  pressure-control/assist-control  should  be  used. 
This  labeling  scheme  defines  both  the  mode  and  control 
variable. 

In  addition,  there  may  also  be  one  or  more  conditional 
variable  within  each  mode  of  ventilation.  A  conditional 


variable  is  one  that  is  measured  by  the  ventilator  anti  used 
to  determine  or  adjust  ventilator  output.  The  classic  ex- 
ample of  a  conditional  variable  is  minute  vt)lumc  (V|.)  in 
the  mandatory  minute  ventilation  (MMV)  mode.  During 
MMV  the  clinician  sets  a  target  value  for  V, ,  and  the 
ventilator  determines  and  adjusts  the  mandatory  breath 
rate  or  pressure  support  level  if  the  measured  V^  deviates 
from  the  set  value,  referred  to  as  the  target.'' 

Volume-Controlled  Ventilation 

During  volume-controlled  mechanical  ventilation 
(VCV),  the  clinician  sets  the  volume  to  be  delivered  with 
each  mandatory  breath  and  assigns  volume  as  the  primary 
control  variable.  In  this  case,  volume  is  the  independent 
variable  and  the  set  Vj  will  be  maintained  independent  of 
changes  in  respiratory  system  compliance,  resistance,  or 
patient  breathing  effort.  During  VCV,  pressure  is  the  de- 
pendent variable  and  high  airway  pressures  may  result 
from  decreased  respiratory  system  compliance,  increased 
resistance,  or  activation  of  the  expiratory  muscles  (cough- 
ing). Increasing  compliance  and  decreasing  resistance  re- 
sults in  lower  airway  pressures,  which  may  even  become 
negative  in  the  presence  of  aggressive  inspiratory  efforts 
by  the  patient. 

The  main  advantage  of  VCV  is  that  the  clinician  has 
direct  control  over  Vj  and  V^..  With  VCV  there  is  a  direct 
and  proportional  relationship  between  mandatory  breath 
rate  and  V^.  Alveolar  ventilation,  however,  may  vary  dis- 
proportionately with  changes  in  mandatory  breath  rate,  as 
a  function  of  dead  space.  Dr  Maclntyre  discussed  the  proper 
selection  of  Vj  and  mandatory  breath  rate,  and  their  ef- 
fects, in  his  contribution  to  this  Journal  conference.^ 

During  VCV  the  clinician  must  also  determine  how  the 
Vj  is  delivered,  by  setting  the  inspiratory  time  (T,!,  flow. 
and  flow  waveform.  These  settings  may  be  of  paramount 
importance  in  determining  the  distribution  of  the  volume 
within  the  lungs,  mean  airway  pressure,  and  patient  toler- 
ance of  and  comfort  during  mechanical  ventilation  (pa- 
tient/ventilator synchrony).  Although  each  of  these  vari- 
ables are  intricately  related,  they  cannot  all  be  set  or  adjusted 
on  certain  brands  of  \entilator.  Some  ventilators  have  a 
primary  setting  for  peak  inspiratory  flow,  and  T,  is  math- 
ematically determined  as  a  function  of  the  V,  and  flow 
.setting.  For  example,  a  ventilator  that  delivers  constant 
flow  (rectangular  flow  waveform)  that  is  set  to  deliver  a 
1.0  L  V,^  at  60  L/min  (1  L/s)  will  result  in  a  T,  of  1.0 
second  (Fig.  1 ).  Decreasing  the  flow  to  30  L/min  (0.3  L/s) 
will  result  in  a  T,  of  2.0  seconds  (Fig.  2).  Other  ventilators 
have  a  primary  setting  for  T,  and  the  inspiratory  flow  is 
mathematically  determined.  In  that  case  a  T,  of  1.0  second 
and  set  V^^  of  0.5  L  (with  constant  flow)  will  result  in  a 
flow  of  30  L/min.  If  a  higher  inspiratory  flow  is  desired.  T, 
must  be  shortened.  During  VCV,  T,  may  also  include  a 
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Time  (4  s) 

Fig.  1 .  Pressure  and  flow  time  curves  of  a  constant-flow  waveform 
breath  set  to  deliver  a  tidal  volume  of  1.0  L  at  a  peak  flow  setting 
of  60  LVmin.  The  resulting  inspiratory  time  is  1.0  second.  Thick 
line  =  flow.  Thin  line  =  airway  pressure. 


0     =t 


Time  (4  sec) 

Fig.  3.  Pressure  and  flow  time  curves  of  a  full  decelerating-flow 
waveform  breath  set  to  deliver  a  tidal  volume  (Vy)  of  900  mL.  The 
set  inspiratory  time  is  1.0  second,  resulting  in  a  peak  flow  of  75 
LVmin  and  a  mean  flow  of  54  LVmin.  Thick  line  =  flow.  Thin  line  = 
airway  pressure. 


pause  time,  during  which  the  inspiratory  and  expiratory 
valves  are  closed,  resulting  in  a  period  of  no  flow.  This 
may  allow  concomitant  use  of  high  inspiratory  flow  and 
long  T,.  This  technique  is  generally  not  well  tolerated  in 
spontaneously  breathing  patients  and  may  require  heavy 
sedation  and/or  neuromuscular  blockade.  Some  ventilators 
allow  the  clinician  to  independently  set  both  T,  and  flow 
during  VCV.  In  that  case,  the  pause  time  may  be  automat- 
ically incorporated  into  the  T,  (flow  set  higher  than  nec- 
essary to  deliver  the  V^  in  the  set  T,)  or  the  set  V^  may  not 
be  delivered  if  the  set  flow  is  inadequate  or  T,  is  too  short 
(alarm  condition).  Thus,  a  major  limitation  of  VCV  is  the 
difficulty  of  matching  the  flow  demands  and  T,  require- 
ments of  the  patient.  This  is  especially  true  in  light  of  the 
fact  that  patient  demand  for  inspiratory  flow  varies,  re- 
quiring constant  attention  to  and  manipulation  of  flow- 
delivery  variables  on  the  ventilator. 

Altering  the  inspiratory  flow  waveform  may  improve 
patient  tolerance  if  spontaneous  breathing  is  present  and 
may  also  influence  distribution  of  the  delivered  V-p  of 
mandatory  breaths.  During  passive  breathing  patients  usu- 
ally breathe  with  a  sinusoidal  inspiratory  flow  waveform.* 
During  active  breathing  or  when  breathing  through  resis- 


Time  (4  sec) 

Fig.  2.  Pressure  and  flow  time  curves  of  a  constant-flow  waveform 
breath  set  to  deliver  a  tidal  volume  of  1.0  L  at  a  peak  flow  setting 
of  30  LVmin.  The  resulting  inspiratory  time  is  2.0  seconds.  Thick 
line  =  flow.  Thin  line  ^  airway  pressure. 


tors  (artificial  airways),  normal  humans  assume  a  modified 
decelerating  flow  waveform.''  Many  ventilators  currently 
offer  multiple  inspiratory  flow  waveforms  that  may  be 
selected  by  the  clinician.  There  has  been  much  debate  and 
research  about  the  optimal  flow  waveform  for  mechanical 
ventilation.'""  It  is  generally  accepted  that  the  use  of 
decelerating  flow  waveforms  are  associated  with  optimal 
gas  distribution,  lower  inspiratory  pressures,  improved  pa- 
tient comfort,  and  reduced  work  of  breathing  (WOB)."'- 
Decelerating  tlow  during  VCV  results  in  a  fixed,  mathe- 
matically determined  flow  profile  (peak  tlow.  angle  of 
deceleration,  and  terminal  flow).  Algorithms  for  deceler- 
ating tlow  differ  among  ventilator  brands,  and  some  ven- 
tilators may  offer  multiple  forms  of  decelerating  flow. 
Mathematical  determination  of  Tj  and  Vj  are  based  on  the 
mean  inspiratory  tlow.  During  constant  flow  the  mean  and 
peak  inspiratory  tlow  are  equal.  Use  of  a  full  decelerating 
flow  waveform  results  in  a  peak  inspiratory  flow  that  is 
twice  the  mean  flow  and  that  decelerates  linearly  to  zero  at 
the  end  of  inspiration  (Fig.  3).  A  509^  decelerating  flow 
results  in  a  peak  flow  at  the  onset  of  inspiration  that  is  33% 
above  the  mean  tlow  and  that  decelerates  to  33%  below 
the  mean  flow  at  the  end  of  inspiration  (Fig.  4).  Deceler- 
ating flow  is  designed  to  satisfy  the  high  initial  flow  de- 
mand of  an  actively  breathing  patient  while  reducing  flow 
during  inspiration  as  the  lung  inflates  and  effort  dimin- 
ishes. Changing  the  inspiratory  flow  waveform  may  alter 
T|  on  ventilators  that  provide  a  primary  control  for  peak 
inspiratory  tlow.  Because  the  clinician  sets  the  peak  tlov\ 
value  on  these  ventilators,  changing  from  rectangular 
(square)  flow  to  decelerating  tlow  reduces  the  mean  in- 
spiratory flow  and  prolongs  T,  in  order  to  deliver  the  set 
Vj  (Fig.  5).  However,  changing  the  inspiratory  flow  wave- 
form on  ventilators  that  ha\e  a  primary  setting  for  T,  re- 
sults in  alteration  of  the  peak  inspiratory  tlow  in  order  to 
maintain  the  mean  inspiratory  flow  (see  Figs.  3  and  4). 

In  the  typical  adult-patient  setting,  the  physician  only 
orders  the  set  Wj  during  VCV,  and  the  bedside  caregiver 
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Fig.  4.  Pressure  and  flow  time  curves  of  a  50%  deceleratlng-flow 
waveform  breath  set  to  deliver  a  tidal  volume  (Vj)  of  900  ml.  The 
set  Inspiratory  time  Is  1.0  second,  resulting  in  a  peak  flow  of  60 
LVmIn,  and  the  mean  flow  remains  54  L/mln.  Thick  line  =  flow.  Thin 
line  =  alrw/ay  pressure. 

(eg,  respiratory  therapist)  is  ciiarged  with  appropriately 
setting  the  inspiratory  flow,  flow  pattern,  and/or  T,.  The 
pressure-time  waveform  may  be  useful  in  determining  the 
most  appropriate  setting  for  inspiratory  flow  and  time  and 
when  adjustments  are  necessary.  A  complete  understand- 
ing of  the  displayed  waveforms  can  facilitate  adjustments 
of  flow  and  time  settings  to  appropriately  meet  the  pa- 
tient's changing  needs. 

The  key  safety  feature  during  VCV  is  the  high  pressure 
limit/alann.  Proper  selection  of  that  setting  is  required  to 
avoid  high  airway  pressures  and  potential  overdistention  in- 
jury to  the  lung.  Typically,  when  the  high  pressure  limit  is 
achieved,  inspiration  is  terminated.  Gas  exchange  may  be 
compromised  when  the  high  pressure  limit  is  active.  In  ad- 
dition to  compromising  the  V,  and  V^;  delivery  to  the  lung, 
substantial  hypoxemia  could  result  from  the  decrease  in  mean 
airway  pressure  associated  with  premature  termination  of  T,. 
The  initial  high  pressure  limil/alarm  setting  should  be  set  at 
35  cm  H2O  and  adjusted  to  approximately  10  cm  HjO  above 
the  measured  peak  inspiratory  pressure  (PIP). 

Finally,  it  may  be  misleading  to  refer  to  new-generation 
mechanical  ventilators  as  "volume-controllers."  In  facL  newer 


Time  (4  sec) 

Fig.  5.  Pressure  and  flow  time  curves  of  a  full  deceleratlng-flow 
waveform  breath  set  to  deliver  a  tidal  volume  (V^)  of  1 .0  L.  The 
peak  flow  Is  set  at  60  LVmIn,  resulting  In  an  Inspiratory  time  of  2.0 
seconds  and  a  mean  Inspiratory  flow  of  30  L/mln.  Thick  line  = 
flow.  Thin  line  =  airway  pressure. 


Time  (4  sec) 

Fig.  6.  Pressure  and  flow  time  curves  of  a  pressure-controlled 
ventilation  (PCV)  breath.  The  set  inspiratory  pressure  Is  20  cm  HoO 
and  the  set  Inspiratory  time  Is  2.0  seconds.  Lung  Impedance  con- 
ditions reflect  compliance  of  0.05  LVcm  H2O  and  resistance  of  5 
cm  HjO/LVs.  The  delivered  tidal  volume  (V^)  is  1.0  L  and  flow 
decelerates  to  zero  In  1 .8  seconds,  resulting  In  a  0.2  second  pla- 
teau (period  of  no  flow).  Thick  line  =  flow.  Thin  line  ^  airway 
pressure. 


generation  ventilators  are  "flow-controllers,"  since  flow  (con- 
trolled with  solenoid  valves)  is  what  the  ventilator  manipu- 
lates to  supply  volume  delivery  to  the  patient  during  manda- 
tory breaths.  Volume,  however,  is  the  integral  of  flow  and 
time,  so  controlling  flow  and  knowing  the  precise  timing  may 
be  tantamount  to  "controlling"  voluine. 

Pressure-Controlled  Ventilation 

During  pressure-controlled  ventilation  (PCV),  the  clini- 
cian sets  the  inspiratory  pressure  target  and  assigns  pres- 
sure as  the  control  variable.  In  this  case,  inspiratory  pres- 
sure is  the  independent  variable  and  the  set  inspiratory 
pressure  is  maintained  independent  of  changes  in  patient 
compliance,  resistance,  or  breathing  effort.  During  PCV, 
volume  is  the  dependent  variable  and  substantial  variation 


Time  (4  s) 

Fig.  7.  Pressure  and  flow  time  curves  of  a  pressure-controlled 
ventilation  (PCV)  breath.  The  set  Inspiratory  pressure  Is  20  cm  H^G 
and  the  set  inspiratory  time  Is  2.0  seconds.  Lung  Impedance  con- 
ditions reflect  compliance  of  0.025  L7cm  HjO  and  resistance  of  5 
cm  H,0/L7s.  The  delivered  V^  is  0.5  L  and  flow  decelerates  to  zero 
in  0.9  seconds,  resulting  in  a  1.1  second  plateau  (period  of  no 
flow).  Note  the  steeper  angle  of  flow  deceleration  resulting  from 
the  reduced  lung  compliance.  Thick  line  =  flow.  Thin  line  =  airway 
pressure. 
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Time  (4  s) 

Fig.  8.  Pressure  and  flow  time  curves  of  a  volume-controlled  ven- 
tilation breath  with  a  decelerating  flow  waveform  and  the  effect  of 
patient  effort  during  the  inspiratory  time.  Note  the  inspiratory  flow 
output  of  the  ventilator  is  maintained  (relatively  linear  deceleration) 
while  the  airway  pressure  becomes  depressed  during  the  period 
of  patient  activity.  The  pressure  dip  resulting  from  the  patient  flow 
demand  exceeded  the  flow  output  of  the  ventilator.  Thick  line  = 
flow.  Thin  line  =  airway  pressure. 


in  Vy  and  Vg  may  result  from  changing  respiratory  system 
compliance,  airways  resistance,  or  respiratory  muscle 
activation.  Decreasing  respiratory  system  compliance 
and/or  increasing  airway  resistance  decreases  delivered 
V-j-  and  Vg. 

During  PCV,  the  ventilator  produces  appropriate  flow  to 
quickly  achieve  and  maintain  the  set  inspiratory  pressure 
(square  pressure  waveform).  The  resulting  inspiratory  flow 
profile  is  usually  decelerating,  and  the  angle  of  decelera- 
tion is  determined  by  the  respiratory  system  impedance 
and  patient  effort  (Figs.  6  and  7).  The  proposed  advantage 
of  PCV  is  that  the  more  normal  areas  of  the  lung  may  be 
spared  from  overdistention  by  limiting  the  inspiratory  pres- 
sure. Another  important  advantage  of  PCV  may  be  im- 
proved comfort  for  spontaneously  breathing  patients,  be- 
cause the  ventilator  can  deliver  varying  peak  inspiratory 
flow  and  flow  waveforms  as  patient  effort  changes,  either 
within  or  between  breaths  (Figs.  8  and  9). 


When  using  PCV  the  physician  must  order  the  inspira- 
tory pressure  and  T,.  Inspiratory  pressure  should  be  set  and 
adjusted  to  keep  the  V^  of  mandatory  breaths  within  50- 
100  niL  of  a  selected  target  value.  Clinicians  are  charged 
with  closely  monitoring  Vy  to  assure  adequate  Vp;  is  main- 
tained. Monitoring  the  flow  waveform  may  be  useful  in 
determining  the  appropriate  T,.  The  minimum  T,  for  pa- 
tients with  restrictive  lung  disease  is  the  time  necessary  for 
inspiratory  flow  to  reach  zero,  which  ensures  that  the  de- 
sired inspiratory  pressure  is  achieved  at  the  tracheal  level. 
Lengthening  the  T,  further  increases  mean  airway  pressure 
and  may  improve  o.xygenation,  but  those  positive  effects 
must  be  judged  against  potentially  detrimental  effects  such 
as  hypotension,  decreased  cardiac  output,  and  decreased 
oxygen  delivery.  Patients  with  obstructive  lung  disease 
often  have  normal  or  supranormal  lung  compliance,  which 
may  limit  the  utility  of  achieving  zero  flow  during  inspi- 
ration as  an  appropriate  end  point  for  T,.  In  that  case, 
allowing  sufficient  expiratory  time  for  complete  (or  near 
complete)  exhalation  may  be  a  more  important  variable  to 
follow  in  order  to  determine  the  most  appropriate  T,.  The 
presence  of  intrinsic  positive  end-expiratory  pressure 
(PEEP)  during  PCV  will  cause  reduced  transalveolar  pres- 
sure and  limit  the  delivered  Vj.  Intrinsic  PEEP  should  be 
monitored  for  routinely,  and  the  mandatory  breath  rate  or 
inspiration-expiration  ratio  (I-E)  should  be  adjusted  to  min- 
imize intrinsic  PEEP. 

The  key  safety  features  during  PCV  are  the  high  and 
low  Vy  and  V^  alarms.  Proper  selection  of  these  alarm 
settings  will  alert  clinicians  to  hypoventilation  or  o\erdis- 
tention.  Mean  airway  pressure  will  be  maintained  during 
those  periods,  but  substantial  alterations  in  ventilation  and 
gas  exchange  are  possible.  It  is  reasonable  that  the  high 
and  low  V-p  alarms  be  set  within  100  mL  of  the  target  Vy 
and  the  low  Vg  alarm  be  set  within  1  L  of  the  desired  level. 

Dual-Controlled  Ventilation 
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Fig.  9.  Pressure  and  flow  time  curves  of  a  pressure-controlled 
ventilation  breath  showing  the  effect  of  patient  effort  during  the 
inspiratory  time.  Note  the  maintenance  of  flow  output  during  the 
pehod  of  patient  effort  and  the  presence  of  a  pressure  plateau. 
The  pressure  plateau  suggests  that  the  ventilator  flow  output 
matched  the  flow  demand  of  the  patient.  Thick  line  =  flow.  Thin 
line  =  airway  pressure. 


Dual-control  modes  have  been  developed  in  an  attempt 
to  exploit  the  beneficial  effects  of  PCV  and  VCV  while 
limiting  the  potentially  dangerous  effects  of  both.  Two 
forms  of  dual-control  algorithm  are  currently  available: 
within-a-breath  control  and  breath-to-hreath  control.  A 
detailed  description  of  dual-control  modes  and  algorithms 
is  provided  by  Richard  Branson  in  his  contribution  to  this 
Journal  conference.'"'  In  short,  dual  control  allows  the  cli- 
nician to  select  a  target  V-j-  on  mandatory  breaths  while 
allowing  the  ventilator  to  optimize  the  delivery  of  those 
breaths  by  delivering  pressure-limited  and  time-cycled 
breaths.  Thus  the  ventilator  is  charged  with  determining 
the  optimal  peak  flow  and  flow  pattern  and  adjusting  the 
inspiratory  pressure  to  ensure  the  target  V, .  Safety  is  main- 
tained by  properly  setting  the  high  pressure  alarm.  Limi- 
tations of  dual  control  include  situations  that  inhibit  the 
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ability  of  the  ventilator  to  accurately  measure  system  com- 
pliance, such  as  leaks  in  the  system  or  aggressive  respira- 
tory efforts  by  the  respiratory  muscles  (inspiratory  or  ex- 
piratory). 

Other  Forms  of  Pressure-Controlled  Ventilation 

During  traditional  PCV.  the  ventilator's  exhalation  valve 
is  closed  during  the  entire  T,.  Flow  is  available  from  the 
inspiratory  valve  if  the  patient's  inspiratory  efforts  are 
sufficient  to  drop  airway  pressure  below  the  set  pressure 
during  inspiration.  Expiratory  efforts  during  T,  can  only 
result  in  cessation  of  inspiratory  flow,  and  inspiration  may 
be  terminated  if  the  high  pressure  limit  is  violated.  Ven- 
tilator manufacturers  have  addressed  this  issue  by  intro- 
ducing so-called  "active"  or  "floating"  exhalation  valves. 
These  valves  allow  the  patient  to  breath  spontaneously  at 
any  point  in  the  respiratory  cycle.  Examples  of  this  type 
of  PCV  are  airway  pressure  release  ventilation,  bi-level. 
biphasic,  and  BIPAP  (bi-level  positive  airway  pressure) 
modes.  In  the  absence  of  spontaneous  breathing,  those 
modes  function  exactly  as  traditional  PCV.  They  are  de- 
signed to  limit  PIP  while  maintaining  elevated  mean  air- 
way pressure  by  encouraging  spontaneous  breathing  with 
long  T,.  As  with  traditional  PCV,  use  of  these  modes 
requires  diligent  monitoring  of  Vj  and  Vg  as  well  as  the 
spontaneous  respiratory  rate  and  Vj.  Further  discussion  of 
those  modes  is  provided  by  Dr  Kuhlen  in  his  contribution 
to  this  Journal  conference." 

An  additional  adaptation  of  pressure-limited  ventilation 
is  to  apply  a  T,  that  exceeds  the  expiratory  time — so-called 
inverse  ratio  PCV  (PC-IRV).  Use  of  PC-IRV  does  not 
change  the  underlying  function  of  the  ventilator,  but  spe- 
cial attention  should  be  paid  to  guard  against  the  develop- 
ment of  intrinsic  PEEP. 

Volume  Control  Versus  Pressure  Control: 
Does  It  Matter? 

VCV  continues  to  be  considered  the  traditional  or  con- 
ventional approach  to  mechanical  ventilation  of  patients 
with  acute  respiratory  distress  syndrome  (ARDS)  and  acute 
lung  injury.'*"  Current  recommendations  for  optimal  me- 
chanical ventilation  of  ARDS/acute  lung  injury  patients 
include  a  "lung-protective"  approach  that  limits  Vj  to  6 
mL/kg,  limits  transpulmonary  pressure  to  35  cm  H^O,  and 
applies  early  and  aggressive  PEEP  to  maintain  expiratory 
lung  volume.  The  literature  is  replete  with  anecdotal  re- 
ports and  comparisons  of  various  techniques  to  provide  a 
lung-protective  approach,  but  a  consensus  on  the  best  ap- 
proach to  providing  ventilation  has  been  elusive.  The  fol- 
lowing sections  compare  the  advantages  and  disadvan- 
tages of  VCV   and   PCV   with   regard   to   measured 


cardiorespiratory  variables  (ventilatory  variables,  gas  ex- 
change, and  hcnuidynaniics),  WOB.  and  outcome. 

Cardiorespiratory  Variables 

Interest  in  PCV  was  aimed  initially  at  reducing  PIP, 
thereby  limiting  pressure-related  ventilator-induced  lung 
injury  (barotrauma)  and  improving  the  oxygenation  status 
of  ARDS  patients  with  refractory  hypoxemia."*  '"  Al- 
though each  of  those  studies  conclude  that  there  are  ben- 
eficial effects  from  using  PCV  over  VCV,  serious  flaws  in 
study  design  have  limited  the  clinical  acceptance  and  wide- 
spread application  of  PCV.  Most  of  the  studies  used  each 
patient  as  his  or  her  own  control  and  used  a  crossover 
study  design  in  which  comparisons  were  made  between 
the  selected  use  of  VCV  and  PCV.  Most  of  these  studies 
did  not  control  for  potential  critical  variables  such  as  V-p, 
I-E  ratio,  and  total  PEEP. 

In  terms  of  measured  ventilatory  variables,  nearly  every 
early  study  comparing  PCV  to  VCV  reported  significantly 
lower  PIP  while  maintaining  the  same  or  higher  mean 
airway  pressure.  Some  have  even  gone  on  to  report  that 
PCV  is  associated  with  a  faster  improvement  in  lung  com- 
pliance. One  major  problem  with  most  of  those  studies  is 
that  they  were  performed  using  the  Siemens  900C  venti- 
lator, because  it  was  one  of  the  first  to  offer  PCV.  That 
ventilator  is  incapable  of  providing  a  decelerating  inspira- 
tory flow  waveform  during  VCV,  and  that  alone  may  ac- 
count for  substantial  PIP  differences  between  VCV  and 
PCV.  During  PCV  the  end-inspiratory  flow  is  near  zero, 
which  reduces  the  effect  of  the  resistive  component  on  the 
measured  PIP.  In  this  case,  the  PIP  is  similar  to  the  plateau 
pressure.  During  VCV  with  constant  flow  the  difference  in 
peak  and  plateau  pressure  is  a  direct  result  of  the  end-inspira- 
tory flow  (which  equals  peak  flow  setting)  and  the  airways 
resistance.  Subsequent  studies  of  PCV  versus  VCV  that  used 
decelerating  flow  have  not  .shown  significant  differences  in 
PIP  or  mean  airway  pressure. ""'■*  Rather  than  viewing  PCV 
as  an  advantageous  adjunct  on  ventilators  like  the  Siemens 
900C,  maybe  we  should  conclude  that  the  inability  of  that 
ventilator  to  offer  decelerating  flow  during  VCV  is  a  limita- 
tion. Many  clinicians  may  be  unwilling  to  accept  the  volume- 
variable  nature  of  PCV  in  exchange  for  the  benefits  of  de- 
celerating flow.  That  issue  may  be  partially  responsible  for 
the  development  of  dual-control  modes  on  certain  ventilator 
brands.  By  offering  a  "new"  mode  that  is  volume-targeted, 
pressure-limited,  and  time-cycled,  manufacturers  are  viewed 
a.s  progressive  in  introducing  new  technology,  when  in  fact  it 
is  their  way  of  providing  clinicians  the  option  of  VCV  with 
decelerating  flow. 

In  terms  of  gas  exchange,  early  proponents  often  re- 
ported dramatic  improvements  in  oxygenation  with  PCV. 
That  result  was  viewed  as  an  additional  benefit  of  PCV, 
which  was  associated  with  lower  PIPs.  Many  of  those 
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studies  did  ncit  control  for  I-E  ratio  and  used  prolonged  T, 
with  PCV.  often  inversing  the  I-E  ratio.  Improved  oxy- 
genation with  PC-IRV  may  be  explained  by  the  associated 
elevation  of  mean  airway  pressure  and  lung  recruitment 
from  the  potentially  high  intrinsic  PEEP  levels  resulting 
from  the  limited  expiratory  time.  Studies  that  provided 
control  for  mean  airway  pressure,  I-E  ratio,  and  total  PEEP 
have  not  provided  evidence  that  PCV  improves  oxygen- 
ation or  oxygen  delivery.-^"'" 

In  terms  of  the  effects  of  PCV  on  hemodynamic  stabil- 
ity, early  studies  did  not  report  any  hemodynamic  embar- 
rassment resulting  from  PCV.  Studies  that  incorporated 
PC-IRV  did  report  reduced  blood  pressure,  cardiac  index, 
and  oxygen  delivery  as  a  result  of  the  elevated  mean  air- 
way pressure  seen  with  PC-IRV."*-^-'*  In  studies  that  were 
controlled  for  mean  airway  pressure  and  total  PEEP  there 
were  no  discemable  differences  in  hemodynamic  variables 
between  PCV  and  VCV.'-"^ 

PCV  may  still  be  viewed  as  an  adjunct  to  the  ventilatory 
management  of  patients  with  substantial  lung  injury,  but 
convincing  evidence  is  lacking  that  PCV  is  associated  with 
improvement  in  any  measured  cardiorespiratory  variable. 
Although  reductions  in  PIP  may  still  be  realized  with  PCV, 
plateau  pressure  will  be  similar  if  decelerating  flow  is 
available  during  VCV.  In  terms  of  optimizing  oxygen- 
ation, the  appropriate  setting  of  PEEP  may  be  the  most 
important  factor,  followed  by  the  influence  of  T,  on  mean 
airway  pressure,  neither  of  which  should  be  affected  by  the 
ventilator  control  scheme. 

Patient  Work  of  Breathing  and  Comfort 

It  has  long  been  understood  that  the  required  WOB 
during  mechanical  ventilation  is  a  balance  between  the 
ventilatory  demands  of  the  patient  and  the  output  of  the 
ventilator."-'''  Ventilator  settings  that  may  have  a  ma- 
jor impact  on  the  total  WOB  performed  include  sensi- 
tivity, peak  inspiratory  flow,  inspiratory  flow  pattern, 
Vj.  and  T|.  Of  those  settings  the  most  important  is 
unquestionably  the  peak  inspiratory  flow.  Improper  set- 
ting of  inspiratory  flow  during  VCV  may  impose  more 
WOB  than  if  breathing  were  unassisted."  It  is  important 
that  the  inspiratory  flow  match  the  patient's  flow  de- 
mand and  that,  if  the  t1ow  demand  is  exceeded,  the 
resultant  work  may  be  reduced.  Because  the  patient's 
flow  demand  varies  from  breath  to  breath  and  within 
each  breath,  any  pre-set  flow  delivery  (in  terms  of  the 
peak  inspiratory  flow  and  the  rate  of  flow  change  within 
an  inspiration)  may  substantially  affect  the  work  im- 
posed on  and  performed  by  the  patient.  A  simple  way  to 
evaluate  patient  tolerance  of  mechanical  ventilation  (in 
terms  of  matching  the  ventilator's  flow  output  to  the 
patient's  flow  demand)  is  to  assess  the  pressure-time 
waveform.   When  the  patient's  flow  demand  exceeds 


ventilator  flow  output,  airway  pressure  will  decrease 
and  may  even  drop  below  baseline  pressure.  The  opti- 
mal pressure-time  waveform  that  would  reflect  patient/ 
ventilator  synchrony  during  mandatory  breaths  would 
be  square-shaped.  During  PCV  the  goal  of  the  ventilator 
is  to  deliver  a  square-shaped  pressure  waveform.  The 
high  initial  flow  causes  a  rapid  increase  in  airway  pres- 
sure, and  the  inspiratory  flow  is  decreased  in  an  attempt 
to  maintain  the  set  pressure  level.  If  patient  demand 
increases  at  any  point  during  inspiration,  the  measured 
airway  pressure  decreases,  prompting  the  ventilator  to 
increase  the  inspiratory  flow  output.  This  auto-regula- 
tion of  flow  output  during  PCV  may  offer  substantial 
advantages  for  patients  with  varying  inspiratory  de- 
mand.-"'-" One  potential  conflict  that  may  arise  is  a 
patient  with  high  ventilatory  demand  being  ventilated 
using  a  lung-protective  approach.  Use  of  low  Vj  with 
even  moderate  T,  may  result  in  inspiratory  flows  well 
below  the  patient's  flow  demand.  A  pressure-limited 
approach  may  be  beneficial  in  that  case,  and  re-evalu- 
ation of  an  appropriate  V-p  target  may  be  warranted. 

Another  type  of  patient  WOB  that  is  often  overlooked 
by  clinicians  is  associated  with  activation  of  the  expiratory 
muscles.  Exhalation  should  be  passive,  even  during  me- 
chanical ventilation.  Active  exhalation  may  result  from 
inappropriate  T,  and  PEEP  settings,  as  well  as  the  use  of 
pause  time  (inspiratory  hold).  Original  PCV  modes  re- 
quired that  the  exhalation  valve  be  closed  during  the  entire 
T,.  If  the  patient  were  to  cough  or  otherwise  attempt  to 
exhale,  airway  pressure  in  the  lung  and  in  the  breathing 
circuit  would  rise  until  the  high  pressure  alarm  was  trig- 
gered, thus  prematurely  terminating  inspiration.  Newer  ven- 
tilators incorporate  a  "floating"  exhalation  valve  that  al- 
lows the  patient  to  exhale  within  the  set  T,.  Using  that 
strategy,  the  breath  is  truly  pressure-targeted  and  the  set 
inspiratory  pressure  is  maintained  through  manipulation  of 
the  ventilator's  inspiratory  and  expiratory  valves.  Patient 
exhalation  during  the  T,  is  allowed  to  maintain  the  inspira- 
tory pressure  only,  and  the  mode  is  thus  very  similar  to 
airway  pressure  release  ventilation;  the  difference  is  that 
there  is  a  V,-  target  during  the  mandatory  pressure  change, 
which  is  not  currently  incorporated  in  the  airway  pressure 
release  ventilation  algorithm.  The  floating  exhalation  valve 
makes  it  possible  to  provide  a  long  T,  with  a  low  \j  in  the 
presence  of  spontaneous  breathing. 

Improving  patient  tolerance  of  mechanical  ventilation 
by  use  of  a  pressure-limited  approach  may  also  decrease 
the  requirement  for  sedation  and  neuromuscular  blocking 
agents,^"  which  may  allow  patients  to  assume  spontaneous 
breathing  earlier  and  ultimately  reduce  the  number  of  ven- 
tilator days  and  intensive  care  days.  Convincing  evidence 
from  prospective  randomized  controlled  trials  is,  however, 
still  lacking. 
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Outcome 

The  goal  of  any  mechanical  ventilation  strategy  should 
be  to  improve  outcome  in  some  way.  The  ultimate  out- 
come improvement  would  be  to  reduce  mortality,  but  there 
are  other  important  outcome  measures  (such  as  intensive 
care  days,  ventilator  days,  complications,  and  cost)  that 
could  reflect  improved  patient  care.  In  a  prospective  ran- 
domized trial  comparing  PCV  to  VCV.  Esteban  et  al^'' 
found  lower  mortality  in  the  PCV  group,  but  they  were 
hesitant  to  conclude  that  that  finding  was  a  treatment  ef- 
fect. Rather,  they  associated  the  higher  mortality  in  the 
VCV  group  with  the  presence  of  extrapulmonary  organ 
failure,  which  was  more  pre\alent  in  that  group.  It  is  clear 
that  mechanical  ventilation  plays  a  role  in  the  initiation 
and/or  propagation  of  an  inflammatory  response  and  po- 
tential development  of  multiple  system  organ  failure. '  ^■■>^  ■*'* 
It  is  evident  that  a  lung-protective  strategy  for  ventilating 
ARDS  patients  is  important  and  beneficial,  but  the  best 
method  of  delivering  such  a  strategy  continues  to  be  de- 
bated. Current  emphasis  is  on  limiting  the  inspiratory  pres- 
sure and  volume  while  maintaining  adequate  lung  volume 
(avoiding  derecruitment)  during  expiration.  Use  of  dual- 
control  modes  may  aid  clinicians  in  controlling  inspiratory 
pressure  and  volume  within  a  safe  range,  with  lower  re- 
source utilization. 

Summary 

Use  of  a  lung-protective  strategy  that  limits  inspiratory 
pressure  to  <  35  cm  H2O  and  V-p  to  <  6  mL/kg  should  be 
considered  state  of  the  art  in  managing  ARDS  patients.  It 
must  be  remembered,  however,  that  ARDS  patients  make 
up  a  small  percentage  of  the  total  number  of  patients  re- 
quiring mechanical  ventilation.  Patients  with  more  normal 
lung  mechanics  may  tolerate  higher  V,,  but  limiting  in- 
spiratory pressure  to  <  35  cm  H^O  continues  to  be  a 
common  goal. 

In  nonspontaneously-breathing  patients,  there  is  no  ben- 
efit from  using  PCV,  especially  if  decelerating  flow  is 
available  during  VCV.  TTie  variable  flow  characteristics  of 
PCV  may  offer  advantages  (lower  WOB  and  improved 
comfort)  in  spontaneously  breathing  patients,  especially  in 
those  with  increased  and  variable  respiratory  demand.  Use 
of  PCV  with  a  floating  exhalation  valve  may  enhance 
spontaneous  breathing,  thereby  reducing  the  need  for  sed- 
atives and  neuromuscular  blocking  agents.  Further  work  is 
needed  to  assess  the  effect  of  control  variables  on  venti- 
lator-induced lung  injury  and  on  the  production  of  inflam- 
matory mediators  that  may  contribute  to  organ  failure. 
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Discussion 

Maclntyre:  In  a  nonspontaneously- 
bix'iilhing  patient,  where  you  say  pres- 
sure versus  volume  targeting  doesn't 
matter.  I  would  agree  with  you  for  the 
tnost  part.  But  let  me  come  across  with 
a  concept  that  I  try  to  teach  the  resi- 
dents back  home.  That  is  that  with 
very  very  sicis  patients,  where  the  pla- 


teau pressures  are  getting  up  there  and 
the  gas  exchange  is  borderline,  I  look 
at  pressure  versus  volume  as  sort  of  a 
trade-off. 

When  you  go  home  at  night,  if  the 
patient's  edema  gets  worse,  or  mucus 
plug  occurs,  or  the  infection  and  in- 
flammation get  worse,  if  you're  in  vol- 
ume-control mode  where  the  flow  and 
volume  are  set,  the  pressure  rises  to 


keep  the  tidal  volume  constant,  which 
will  force  more  and  more  of  that  set 
tidal  volume  into  the  reinaining 
healthy  regions  of  the  lung.  One  ad- 
vantage to  pressure-limited  ventilation 
imder  those  circumstances  is  that  it 
puts  an  absolute  pressure  limit  on  the 
system,  so  if  the  patient  worsens  over- 
night the  pressure  limit  will  stay  the 
same.  You  won't  force  more  gas  into 
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the  remaining  healthy  regionsof  the 
lung.  You  will,  however,  sacrifice  tidal 
volume  and  earhon  dioxide  clearance. 
So  it"s  a  trade-ott. 

The  bottom  line  is  that  if  protecting 
against  lung  overdistention  is  more  im- 
poilanl  than  carbon  ditixide  clciuance, 
then  pressure-limited  ventilation  makes 
sense.  If  Ciirbon  dioxide  clearance  is 
more  important  than  lung  protection, 
then  volume-controlled  ventilation 
makes  some  sense  in  non-spontaneous- 
ly-breathing  patients.  Does  that  make 
sense  to  you? 

Campbell:  It  makes  perfect  sense, 
and  the  comment  I  would  make  is  this: 
don't  forget  that  we  have  a  way  to 
notice  when  that  happens  during  vol- 
ume-controlled ventilation — so  you 
can  be  called  in  the  middle  of  the 
night — and  that  is  the  setting  of  the 
high  pressure  alarm.  You  still  have 
protection  during  volume-controlled 
ventilation.  You  have  to  decide  to  al- 
low that  to  happen  by  manipulating 
the  ventilator  and  increasing  the  alarm 
setting.  You're  basically  saying,  "I'm 
going  to  allow  that  high  tidal  volume 
and  possibly  dangerous  plateau  pres- 
sure to  be  delivered."  So  I  think  that, 
independent  of  the  strategy  that  you 
apply,  the  same  thing  happens.  And 
it's  a  global  decision  you  make:  "Do  1 
limit  pressure  or  limit  tidal  volume?" 
You  can't  do  both. 

I've  seen  many  of  our  residents  say, 
"You  guys  always  told  me  to  use  pres- 
sure-limited ventilation,  so  I  put  the 
patient  in  PCV  mode,  and.  hey.  pres- 
sures are  lower."  And  I  say,  "Well, 
the  pressures  are  lower  because  you're 
delivering  3  mL/kg  less  tidal  volume. 
If  you  just  turn  the  tidal  volume  down 
during  volume  control,  you  have  the 
same  effect."  So,  technically,  I  still 
believe  there's  no  difference  in  non- 
spontaneously-breathing  patients.  You 
made  a  decision  to  switch  to  pressure- 
controlled  ventilation,  but  in  conjunc- 
tion with  that,  you  decided  to  apply  or 
accept  a  lower  tidal  volume.  You  could 
have  done  the  same  thing  in  VCV,  I 
think. 


Kacniarek:  I'd  like  to  go  on  record, 
for  once  in  my  life,  as  agreeing  with 
Neil  Maclnlyre,  but  his  comments  are 
purely  a  matter  of  personal  preference. 
I  agree  with  everything  he  said,  but  I 
don't  think  there  are  any  data  to  imply 
there's  a  difference  we  can  measure. 
But  my  approach  would  also  be  to  use 
pressure-controlled  ventilation. 

Maclntyre:  1  want  to  comment  on 
pressure-regulated  volume  control 
(PRVC).  This  mode  is  often  touted  as 
being  the  best  of  both.  That  is,  they 
say  you  have  pressure  limiting  and  vol- 
ume control.  But  that's  bogus.  That 
cannot  happen.  The  law  of  physics  will 
not  let  that  happen.  If  you  set  a  vol- 
ume control  and  you're  demanding  the 
ventilator  deliver  that  volume,  if  the 
compliance  or  the  resistance  gets 
worse  the  pressure  has  to  go  up.  PRVC 
will  let  the  pressure  rise  under  those 
circumstances,  until  a  set  upper  limit 
is  reached,  at  which  point  it  will  cease 
to  deliver  the  set  volume.  So,  although 
it's  pressure-regulated  in  the  sense  that 
it's  a  decelerating  flow  and  a  variable 
flow,  it  is  not  pressure-limiting.  PRVC 
is  not  a  pressure-limited  and  volume- 
guaranteed  form  of  ventilation.  That's 
a  point  on  which  a  lot  of  people  get 
confused. 

Campbell:  I'm  going  to  have  to  dis- 
agree with  you  on  that,  because  I  think 
PRVC  is  a  form  of  pressure-limited 
ventilation.  It's  just  that  the  pressure 
limit  is  determined  by  the  ventilator 
and  not  set  by  you. 

Maclntyre:  OK.  the  compliance 
gets  worse  and  you've  demanded  that 
a  certain  volume  be  given:  what  hap- 
pens to  the  pressure?  It  goes  up.  That 
is  not  a  pressure-limited  form  of  ven- 
tilation. What  if  the  pressure  rise  ex- 
ceeds the  set  upper  limit?  It  stops  de- 
livering volume.  That  is  not  a  volume- 
guaranteed  form  of  ventilation. 

Campbell:  But  in  the  breath-to- 
breath  delivery  of  each  tidal  volume. 


it  is  delivered  as  a  pressure-limited 
time-cycled — 

Maclntyre:  It's  a  piessure- uiiiictcil 
breath,  but  that  target  goes  up  and 
down  in  PRVC.  independent  of  what 
you  have  set.  It  goes  up  and  down  ac- 
cording to  an  algorithm  in  the  ventila- 
tor. It  is  not  a  pressure  limit.  If  I  .set 
PRVC  at  30  cm  H,0,  as  you  do  in  pres- 
sure control,  that  30  HjO  is  not  going  to 
be  there  all  the  time.  It  will  go  up  or 
down  depending  on  the  compliance,  in 
accordance  with  the  volume  you've  set. 
It's  just  simple  physics. 

Campbell:  I  agree  with  you,  but  my 
problem  with  that  setup  is  just  the  op- 
posite of  the  one  you're  telling  me 
about.  As  the  patient's  lung  compli- 
ance decreases  and  the  pressure  goes 
up,  that's  the  exact  same  thing  that's 
going  to  happen  during  volume-con- 
trolled ventilation.  You  still  have  the 
same  protection  at  the  top,  and  that  is 
where  you  set  the  high  pressure  limit 
on  the  ventilator.  You're  better  off  do- 
ing this  with  PRVC  because  it  has  a 
gray  zone  under  the  target  pressure. 
So  you  set  the  high-pressure  alarm, 
and  the  highest  pressure  that  it  will 
actually  target  is  below  that  value  so 
that  you  can  continue  inspiratory  time 
that  you  have  set.  So  you're  not  going 
to  have  a  massive  decrease  in  venti- 
lation, decrease  in  mean  airway  pres- 
sure, during  the  time  when  the  patient 
is  pressure-cycling  off  the  breaths. 

My  problem  with  the  way  dual- 
control  mode  algorithms  control  the 
target  tidal  volume  and  inspiratory 
pressure  is  that  it  doesn't  always  make 
the  right  decision  in  patients  who  are 
breathing  vigorously.  That  is  that  the 
change  in  pressure  necessary  to  ven- 
tilate the  lungs,  the  more  pressure  the 
patient  generates  with  the  respiratory 
muscles,  the  algorithm  may  decide  to 
drop  the  pressure  assistance  it  gives 
with  each  breath.  And  so  you  have  big 
swings  in  mean  airway  pressure,  hy- 
poxemia resulting  from  that,  and  con- 
tinued increased  work  of  breathing  by 
the  patient. 
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Branson:  Neil,  1  was  going  to  say 
that  it  is  a  pressure-limited  approach. 
What  you  were  saying  is  that,  if  com- 
pliance falls  to  a  certain  level,  it's 
no  longer  a  volume-constant  ap- 
proach. People  will  say,  "1  can  al- 
ways get  500  mL  with  that."  but  what 
you're  saying  is  right:  if  you  say  the 
pressure  can't  go  over  30  cm  H.O 
and  the  compliance  is  20  cm  H^O. 
you're  not  going  to  get  500  niL.  I've 
been  thinking  about  that  Journal  of 
Trauma  study.'  and  the  only  thing  1 
can  think  of  depends  on  how  they 
ventilated  the  patients.  If  all  you're 
measuring  is  peak  inspiratory  pres- 
sure, the  actual  alveolar  pressure  may 


be  less,  despite  keeping  tidal  vol- 
ume constant. 
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Curtis:  1  have  a  comment  about  the 
study  you  discussed  that  looked  at 
quality  of  life  outcomes  in  pressure 
versus  volume  control.  It's  nice  that 
they  looked  at  that  outcome.  However, 
we  need  to  be  careful  to  make  the 
distinction  between  a  study  not  being 
able  to  show  a  difference  and  one 
showinfi  that  there  was  no  difference. 


1  believe  there's  probably  no  differ- 
ence in  quality  of  life  by  ventilator 
mode,  but  it  was  a  small  negative  study 
that  didn't  have  the  power  to  show 
what  could  be  an  important  difference, 
and  we  just  need  to  be  careful  about 
our  language. 

Campbell:  Actually,  in  that  same 
study  ihey  did  find  that  2  components 
(emotional  function  and  mastery, 
which  are  2  things  I'm  bad  at  myselO 
ofthequality-of-life  measure  were  bet- 
ter in  the  control  group,  the  volume 
ventilation  group.  But  they  actually 
discounted  that  to  small  sample  size 
and  so  forth. 
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Summary 

Closed-loop  mechanical  ventilation  encompasses  a  plethora  of  techniques,  ranging  from  the  very  simple  to  the 
relatively  complex.  In  the  simplest  form,  closed-loop  ventilation  is  the  control  of  one  output  variable  of  the 
mechanical  ventilator  based  on  the  measurement  of  an  input  variable.  An  example  would  be  pressure 
support  ventilation,  in  which  flow  (output)  Ls  constantly  changing  to  maintain  pressure  (input)  constant 
throughout  inspiration.  More  complex  forms  of  closed-loop  ventilation  involve  measurement  of  multiple 
inputs  (eg,  compliance,  oxygen  saturation,  respiratory  rate)  to  control  multiple  outputs  (eg,  ventilator  fre- 
quency, airway  pressure,  tidal  volume).  The  latter  type  of  control  more  closely  mimics  the  ventilatory  control 
and  respoase  of  human  physiology.  This  review  discusses  both  currently  available  closed-loop  ventilation 
techniques  and  those  only  available  outside  the  United  States,  along  with  some  cutting-edge  techniques  that 
have  only  limited  use.  The  operation,  theoretical  advantages,  and  limitations  of  each  technique  are  reviewed. 
When  available,  the  literature  supporting  or  refuting  each  technique  will  be  reviewed,  but,  unfortunately, 
little  has  been  published  on  certain  techniques.  Key  words:  closed-loop,  mechauical  ventilation,  closed-loop 
nwclumicul  ventilation,  pressure  support,  proportional  assist,  adaptive  support  ventilation,  fuzzy  loi>ic.  triggering, 
dual  control,  patient  ventilator  .s}'nchrony.  Pi,  /.    [Respir  Care  2002;47(4):427 — 15 1 1 


Introduction  to  the  complex.'-  Often  clinicians  thiiii<  of  closed-loop 

control  as  "'complete  automatic  control"  of  mechanical  ven- 

Closed-loop  control  of  mechanical  ventilation  includes  tilation.  Yet  that  is  only  one  facet  of  closed-loop  control. 

a  variety  of  techniques,  ranging  from  the  relatively  simple  u  also  happens  to  be  the  least  realized  and  most  complex. 
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As  a  simple  example,  pressure  support  ventilation  (PSV) 
uses  closed-loop  control.  The  clinician  sets  a  target  pres- 
sure (the  pressure  support  setting)  and  flow  is  automati- 
cally adjusted  to  maintain  that  pressure  throughout  inspi- 
ration. As  the  ventilator  monitors  airway  pressure  (the 
target),  the  control  algorithm  continuously  modulates  the 
flow  (the  output)  to  achieve  the  desired  pressure.  From  a 
control  standpoint.  PSV  is  an  intrabreath  (control  changes 
occur  during  a  single  breath)  negative  feedback  controller. 
More  complex  examples  of  closed-loop  control  include 
the  use  of  respiratory  mechanics  measurements,  expired 
gas  analysis,  and  direct  or  indirect  measurements  of  blood 
gases  as  input  signals  (targets). 

The  complexities  of  closed-loop  control  systems  and 
descriptions  of  feedback  mechanisms  are  beyond  the 
scope  of  this  review.  Interested  readers  should  refer  to 
the  work  of  Brunner  for  a  more  complete  discussion  of 
those  topics.' 

Herein  we  briefly  describe  the  history  of  closed-loop 
control,  review  commercially  available  closed-loop  tech- 
niques, and  describe  several  systems  now  under  consider- 
ation for  use  during  ventilatory  support. 

History 

The  first  attempt  at  developing  a  closed-loop  ventilation 
system  appears  to  have  been  described  by  Saxton  and 
Myers  in  1953.-  Using  end-tidal  carbon  dioxide  (P^t^^q,) 
monitoring  as  the  target,  they  described  automated  adjust- 
ments in  the  inspiratory  airway  pressure  to  control  Ptrco,- 
The  authors  described  the  technique  as  "an  electro-me- 
chanical substitute  for  the  human  respiratory  center."  Un- 
fortunately, the  full  results  of  that  research  were  never 
published  and  no  patient  studies  were  reported. 

Frumin  is  widely  credited  with  developing,  in  the  early 
195()s,  the  first  functional  closed-loop  ventilation  and  an- 
esthesia system. 3''  Using  a  ventilator  of  his  own  design,^ 
Frumin  reasoned  that  during  anesthesia,  "Repetitive  pro- 
cesses such  as  artificial  respiration,  the  mixing  of  anes- 
thetic agent  with  oxygen,  and  the  measurement  of  gas 
concentrations  can  often  be  carried  out  more  efficiently 
and  accurately  performed  mechanically  rather  than  man- 
ually." Certainly  the  ability  of  a  ventilator  to  more  effi- 
ciently and  accurately  control  a  given  variable  is  a  theme 
that  continues  to  be  espoused  by  proponents  of  closed- 
loop  control. 

Frumin's  work  is  particularly  impressive  in  that  not  only 
did  he  achieve  closed-loop  control  without  the  aid  of  a 
microprt)cessor,  he  studied  171  patients  during  operative 
procedures.  The  closed-loop  control  of  P^^o,  was  used  in 
approximately  half  of  those  cases.  Figure  1  shows  a  con- 


Tracheal  Catheter 


Fig.  1.  Components  of  the  Autoanestheton  developed  by  Frumin. 
and  the  relationship  to  normal  physiologic  mechanisms.  (Adapted 
from  Reference  3.) 


ceptual  model  of  Frumin's  device  and  the  mechanical  com- 
ponents" relationship  to  physiologic  principles. 

In  a  second  group  of  50  patients,  Frumin  et  al  demon- 
strated precise  control  of  P;,co,  with  the  Autoanestheton. ■* 
Figure  2  depicts  the  P,|Co,  ^nd  P,,rco,  with  a  set  P(^,j  of  37 
mm  Hg  and  54  mm  Hg  in  a  single  patient.  In  that  study, 
ventilator  frequency  remained  constant  at  15  breaths/min, 
and  the  inspiration-expiration  ratio  was  held  constant  at 
1:3.  PpT<:o,  was  compared  to  the  pre-set  value  on  a  breath- 
to-breath  basis.  Any  difference  in  the  desired  and  set  val- 
ues resulted  in  a  0.2  mm  Hg  change  in  airway  pressure. 
Thus,  the  system  was  a  negative-feedback  (the  controller 
seeks  to  minimize  error  between  set  and  measured  values), 
interbreath  (changes  were  made  on  the  next  breath)  con- 
troller using  Petco,  ^^  the  target  and  peak  inspiratory  pres- 
sure (PIP)  as  the  output  variable.  Frumin  et  al  found  that 
the  controller  maintained  Pt,co,  'i'  —  ^  "ini  Hg  of  the  set 
Pco,-  The  difference  between  set  and  arterial  Pec  was 
greater,  with  only  630f  of  samples  being  within  ±  3  mm 
Hg.  The  largest  discrepancy  between  desired  and  actual 
Paco,  was  10  mm  Hg. 

Mitamura  et  al  used  mixed  expired  carbon  dioxide  to 
control  ventilation  during  anesthesia.''  Expired  gas  was 
collected  in  a  reservoir  bag,  and  gas  was  sampled  by  a 
sidestrcam  infrared  carbon  dioxide  analy/er.  Mitamura's 
group  was  the  first  to  control  both  tidal  volume  (V^)  and 
respiratory  frequency  to  maintain  Pe^o,'  the  first  to  ap- 
preciate the  effects  of  dead  space  on  the  accuracy  of  their 
measurements,  and  the  first  to  consider  work  of  breathing 
(WOB)  as  a  variable  to  control  breathing  pattern.^  Animal 
experiments  by  the  Mitamura  group  demonstrated  precise 
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Fig.  2.  Arterial  Pqo,  control  with  the  Autoanestheton,  using  set 
points  of  37  mm  Hg  and  54  mm  Hg.  (From  Reference  3,  with 
permission.) 

control  of  ventilation  regardless  of  changes  in  metabolic 
rate. 

In  1973,  Coles  et  al  developed  a  system  that  used  servo- 
control  of  ventilation  and  anesthesia  by  monitoring  ex- 
pired carbon  dioxide,  inspired  oxygen  concentration,  blood 
pressure,  and  anesthetic  "bag  volume'"**  (the  latter  being 
critical  during  closed-system  anesthesia  to  prevent  exces- 
sive airway  pressures  [bag  over-filled]  or  hypoxia/hyper- 
carbia  [bag  under-filled]).  Pp^co,  was  controlled  by  in- 
creasing or  decreasing  Vj  while  respiratory  frequency  was 
held  constant.  In  several  animal  experiments  they  demon- 
strated the  success  of  their  system,  but  no  other  publica- 
tions followed. 

In  1978,  Coon  et  al  demonstrated  successful  servo-con- 
trol of  blood  pH.  using  an  indwelling  arterial  pH  sensor 
and  a  Siemens  900  ventilator.''  That  system  manipulated 
V-p  to  maintain  pH  between  7.30  and  7.50.  Their  animal 
experiments  were  successful  in  the  short  term  but  compli- 
cated by  protein  fouling  of  the  indwelling  sensor.  Of  course 
it  is  important  to  note  that  the  authors  were  controlling 
metabolic  disturbances  in  acid/base  balance  by  manipulat- 
ing ventilation.  They  noted  that  the  system  might  "be  a 
unique  piece  of  teaching  equipment  in  respiratory  physi- 
ology and  respiratory  therapy  for  demonstrating  dynamic 
changes  in  blood  gases  and  pH  that  result  from  changes  in 
ventilation." 

Others  have  attempted  closed-loop  control  of  positive 
end-expiratory  pressure  (PEEP),  fraction  of  inspired  oxy- 
gen (F,qJ,  and  minute  volume  (Vg)  during  conventional 
and  independent  lung  ventilation,  using  P,tco,-  functional 
residual  capacity,  and  pulse  oximetry  as  input  signals.'""' 
In  1989.  Brunner  et  al  described  a  prototype  ventilation 
system  for  the  space  station."'  That  seminal  work  planted 
the  seed  for  what  would  become  adaptive  support  venti- 
lation. 


Commercially  Available  Closed-I-oop  Systems 

Dual  Control 

Recently-developed  modes  allow  the  ventilator  to  con- 
trol pressure  or  volume  based  on  a  feedback  loop  (dual 
control).  However,  it  is  important  to  remember  that  the 
ventilator  is  controlling  only  pressure  or  volume,  not  both 
at  the  same  time.  These  modes  are  dual  control  within  a 
breath  (intrabreath)  or  dual  control  breath-to-breath  (inter- 
breath).'''"*  Dual  control  within  a  breath  describes  a  mode 
in  which  the  ventilator  switches  from  pressure  control  to 
volume  control  during  a  single  breath.  These  techniques 
are  known  as  volume-assured  pressure  support  (VAPS) 
and  pressure  augmentation  (PA).  Dual  control  breath-to- 
breath  is  simpler  because  the  ventilator  operates  in  either 
the  pressure  support  or  pressure  control  mode.  When  the 
feedback  loop  is  operative,  the  pressure  limit  is  increased 
or  decreased  automatically  to  maintain  a  clinician-selected 
Vy.  A  breath-to-breath  dual  control  mode  is  analogous  to 
having  a  respiratory  therapist  at  the  bedside  increasing  or 
decreasing  the  pressure  limit  of  each  breath  based  on  the 
Vy  of  the  previous  breath. 

Volume-Assured  Pressure  Support  and 
Pressure  Augmentation 

The  proposed  advantage  of  dual  control  within  a  breath 
is  reduced  WOB  while  maintaining  a  minimum  V^  and  a 
minimum  V-p.  Conceptually,  VAPS  (available  with  the  Bird 
8400STi  and  TBird  ventilators  [BirdA^IASYS  Healthcare, 
Palm  Springs,  California])  and  PA  (available  with  the  Bear 
1000  ventilator  [BearA'IASYS,  Palm  Springs,  California]) 
combine  the  high  initial  flow  of  a  pressure-limited  breath 
with  the  constant  volume  delivery  of  a  volume-limited 
breath.  During  VAPS  or  PA  the  controlled  inspiratory  flow 
waveform  is  square  (constant).  When  a  breath  is  initiated, 
the  initial  pressure  target  is  the  pressure  support  level. 
Selecting  the  appropriate  pressure  support  level  is  critical 
for  the  successful  use  of  VAPS,  yet  no  studies  have  re- 
ported the  best  method  for  choosing  that  pressure.  One 
approach  is  to  .set  the  pressure  support  at  a  level  equivalent 
to  the  plateau  pressure  (Ppi.„)  obtained  during  a  volume- 
control  breath  al  the  desired  Vy.  The  peak  flow  setting  is 
also  important  and  should  be  adjusted  to  allow  for  an 
appropriate  inspiratory  time  (T,)  for  the  patient.  Equally 
important  is  adjusting  inspiratory  flow  to  allow  sufficient 
expiratory  time  and  prevent  intrinsic  PEEP  (auto-PEEP). 

A  VAPS  or  PA  breath  may  be  patient-triggered  (flow  or 
pressure)  or  ventilator-triggered  (time).  Once  the  breath  is 
triggered,  the  ventilator  attempts  to  reach  the  pressure  sup- 
port setting  as  quickly  as  possible.  This  portion  of  the 
breath  is  the  pressure-limited  portion  and  is  associated 
with  a  high  variable  flow,  which  may  reduce  WOB.  As  the 
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Fig.  3.  The  possible  breath  types  during  volume-assured  pressure 
support  (VAPS)  ventilation.  In  breath  A  the  set  tidal  volume  (Vj)  and 
delivered  V^  are  equal,  which  is  a  pressure-support  breath  (pa- 
tient-triggered, pressure-limited,  and  flow-cycled).  Breath  B  rep- 
resents a  reduction  in  patient  effort.  As  flow  decelerates,  the  ven- 
tilator determines  that  delivered  V^  will  be  less  than  the  minimum 
set  volume.  At  the  shaded  portion  of  the  graph,  the  breath  changes 
from  a  pressure-limited  to  a  volume-limited  (constant  flow)  breath. 
Breath  C  demonstrates  a  worsening  of  compliance  and  the  pos- 
sibility of  extending  inspiratory  time  to  assure  delivery  of  the  min- 
imum V^.  Breath  D  represents  a  pressure-support  breath,  in  which 
the  delivered  V-r  is  greater  than  the  set  Vj.  That  kind  of  breath 
allowed  during  VAPS  may  aid  in  reducing  work  of  breathing  and 
dyspnea.  P^„  =  airway  pressure.  Insp  =  inspiratory.  Exp  =  expi- 
ratory. 


pressure  support  level  is  reached,  the  ventilator's  micro- 
processor starts  a  continuous  comparison  between  the  vol- 
ume that  has  been  delivered  and  the  desired  V-y.  If  the 
microprocessor  finds  that  the  desired  Vj  will  not  be  ob- 
tained, inspiration  continues  according  to  the  peak  flow 
setting;  that  is.  the  breath  changes  from  pressure-limited  to 
volume-limited.  Note  that  the  ventilator  monitors  the  de- 
livered Vy,  not  the  exhaled  V^.  so  as  to  provide  control 
within  the  breath  rather  than  on  the  subsequent  breath. 
Additionally,  if  there  is  a  leak  in  the  system  (around  the 
endotracheal  tube,  through  chest  tubes,  or  in  the  circuit) 
monitoring  only  exhaled  V^  could  lead  to  important  er- 
rors. If  exhaled  volume  fails  to  account  for  leaks  via  a 
bronchopleural  fistula,  it  might  be  possible  to  deliver  a  Vj 
of  1.0  L  when  a  desired  volume  of  0.8  L  is  set.  Leaks  in 
the  patient-ventilator  system  can  confuse  the  control  algo- 
rithm and  create  problems  during  ventilation  with  dual 
control  modes. 

There  are  several  differences  in  ventilator  output  based 
on  the  relationship  between  the  volume  delivered  and  the 
minimum  set  V^^  (Fig.  3).  If  the  delivered  Vj  and  set  V^ 
are  equal,  the  breath  is  a  pressure-support  breath.  That  is, 
the  breath  is  pressure-limited  at  the  pressure  support  set- 
ting and  flow-cycled.  With  the  Bkar  and  Bird  ventilators, 
that  occurs  at  2.'i%  of  the  initial  peak  flow.  If  the  patient's 
inspiratory  effort  is  diminished,  the  ventilator  delivers  a 
smaller  volume  at  the  set  pressure  level.  When  delivered 


and  set  volume  are  compared,  the  microprocessor  deter- 
mines that  the  minimum  set  Vy  will  not  be  delivered  based 
on  the  current  flow  and  normal  flow  cycle  criteria  (25%  of 
the  initial  peak  flow  for  the  Bird  ventilators).  As  the  flow 
decelerates  and  reaches  the  set  peak  flow,  the  breath  changes 
from  a  pressure-limited  to  a  volume-limited  breath.  Flow 
remains  constant,  increasing  T,  until  the  volume  has  been 
delivered.  It  is  important  to  remember  that  the  controlled 
volume  is  the  volume  exiting  the  ventilator,  not  exhaled 
Vj.  During  this  volume-limited  portion  of  the  breath,  air- 
way pressure  will  rise  above  the  set  pressure  support  set- 
ting, so  the  high  pressure  alarm  remains  important  during 
VAPS.  There  are  secondary  cycle  characteristics  for  those 
breaths,  and  a  breath  with  T,  lasting  longer  than  3  seconds 
will  be  automatically  time-cycled. 

Finally,  if  the  patient's  inspiratory  effort  increases,  VAPS 
allows  the  patient  a  V  p  larger  than  the  set  Vj.  This  is  one 
other  important  distinction  between  intrabreath  and  inter- 
breath  control.  Intrabreath  increases  or  decreases  support 
to  maintain  a  minimum  V , .  If  Vy  remains  greater  than  the 
set  minimum,  the  ventilator  operates  in  the  pressure  sup- 
port mode  and  makes  no  manipulations.  As  we  will  see. 
interbreath  control  seeks  to  reduce  support  if  the  set  Vj  is 
exceeded.  Because  the  pressure  limit  remains  unchanged 
and  equal  to  the  pressure  support  setting,  this  breath  is  a 
pressure-support  breath  (ie.  it  is  pressure-limited  and  flow- 
cycled).  This  allows  for  normal  variations  in  patient  V-j-, 
sighing,  and  increased  volumes  during  times  of  hyperpnea. 
Figure  4  shows  the  decision-making  process  during  VAPS. 

Choosing  the  appropriate  pressure  and  flow  .settings  is 
critical  to  successfully  using  VAPS  and  PA.  If  the  pressure 
is  set  too  high,  all  breaths  will  be  pressure-support  breaths 
and  the  minimum  Vj  guarantee  will  be  provided  without 
any  feedback  operation.  The  same  problem  applies  to  se- 
lecting too  low  a  minimum  Vj.  If  the  constant  flow  setting 
is  too  high,  all  the  breaths  will  switch  from  pressure  con- 
trol to  volume  control.  If  the  peak  flow  is  set  too  low,  the 
switch  from  pressure  to  volume  will  occur  late  in  the  breath 
and  T,  may  be  unnecessarily  prolonged.  Unique  to  VAPS 
and  PA  (compared  to  the  breath-to-breath  dual  control 
modes)  is  that  there  is  no  provision  for  reducing  ventila- 
tory support.  Thus,  VAPS  should  not  be  construed  as  an 
automatic  weaning  mode. 

When  the  clinician  observes  the  frequent  transition  from 
pressure  to  volume  control,  the  causes  (eg,  reduced  patient 
effort  or  lung  compliance,  increased  airway  resistance,  pres- 
ence of  airway  secretions,  and  airway  problems)  should  be 
identified. 

Amato  et  al'''  reported  nearly  509^  lower  WOB  with 
VAPS,  as  well  as  better  dynamic  compliance  and  less 
airways  resistance  and  auto-PEEP.  They  attributed  the  sal- 
utary effects  of  VAPS  to  the  higher  inspiratory  flow  pro- 
vided during  VAPS.  They  also  suggested  that  VAPS  im- 
proved patient/ventilator  synchrony  by  more  closely 
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Fig.  4.  Decision  algorithm  for  volume-assured  pressure  support 
and  pressure  augmentation.  Vj  =  tidal  volume.  P^^  =  airway 
pressure. 


matching  ventilator  output  to  patient  demand.  One  criti- 
cism of  that  study  is  the  relatively  low  peak  flow  during 
volume-control  ventilation  ( VCV)  (46  L/min)  and  the  sub- 
stantially larger  V-p  delivered  during  VAPS  (0.72  L  vs  0.59 
L).  That  higher  Vj  may  explain  the  lower  WOB.  It  could 
be  argued  that  no  differences  would  have  been  identified  if 
V-p  and  inspiratory  flow  during  VCV  were  equivalent  to 
that  during  VAPS.  However.  PIP  would  increase  by  in- 
creasing Wj  and  flow  during  VCV.  Additionally,  regard- 
less of  the  chosen  peak  flow  during  VCV,  fluctuating 
patient  demand  appears  to  be  better  met  by  VAPS  than 
by  VCV. 

Haas  et  al-"  evaluated  VAPS  as  provided  by  the  Bird 
8400STi.  They  attempted  to  replicate  the  findings  of  Amato 
et  al  while  optimizing  Vj  and  inspiratory  flow  during  VCV. 
That  was  accomplished  by  setting  the  pressure  limit  during 
VAPS  to  produce  a  V^  equivalent  to  VCV  and  by  setting 
inspiratory  flow  to  closely  approximate  patient  demand 
during  VCV  prior  to  initiating  VAPS.  They  reported  sig- 
nificantly lower  patient  effort,  respiratory  drive,  and  esoph- 
ageal pressure  changes  with  VAPS  than  with  VCV.  De- 
spite attempts  to  maintain  constant  V-p  over  the  course  of 
the  40-min  study  period,  it  rose  slightly  during  VAPS. 
That  is  an  important  observation  in  that,  as  the  patient's 
demand  varies,  the  ability  to  increase  V^  may  play  an 
important  role  in  the  patient's  comfort  and  sensation  of 
breathlessness. 


Maclntyre  et  al-'  evaluated  the  PA  function  of  the  Brar 
1000,  using  a  lung  model  and  varying  degrees  of  simulated 
patient  demand  and  reported  that  the  PA  breath  allowed 
for  more  effective  matching  of  ventilator  output  to  simu- 
lated patient  demand  thiin  diti  traditional  volume  ventila- 
tion. They  suggested  thai  this  breath  type  could  replace 
both  volume-control  and  piessiire-control  breaths  on  fu- 
ture ventilators.  Clinicians  could  then  select  the  VAPS 
breath  with  a  high  pressure  limit  to  provide  enhanced  pa- 
tient/ventilator synchrony  or  a  lower  pressure  limit  to  as- 
sure constant  V^  and  T,. 

Volume  Support  and  Variable  Pressure  Support 

The  proposed  advantages  of  volume-support  ventilation 
(VSV)  (available  with  the  Siemens  Servo  300  ventilator 
[Siemens  Medical,  Danvers,  Massachusetts])  and  variable 
pressure  support  (available  with  the  Venturi  ventilator  [Car- 
diopulmonary Corporation.  Milford,  Connecticut])  are  to 
provide  the  positive  attributes  of  PSV  with  the  constant  Vg 
and  V^  seen  with  VCV.  Additionally,  VSV  and  variable 
pressure  support  are  purported  to  allow  automatic  reduc- 
tion of  pressure  support  as  lung  mechanics  improve  and/or 
patient  effort  increases.  This  technique  is  a  closed-loop 
control  of  PSV.  VSV  is  PSV  that  uses  V^  as  a  feedback 
control  for  continuously  adjusting  the  pressure  support 
level.  All  breaths  are  patient-triggered,  pressure-limited, 
and  flow-cycled.  With  the  Siemens  300  ventilator,  VSV  is 
initiated  by  delivering  a  "test  breath"  with  a  pressure  sup- 
port of  5  cm  HiO.  The  delivered  V-p  (again,  this  is  not 
exhaled  Vj  but  volume  exiting  the  ventilator)  is  measured 
and  the  apparent  dynamic  compliance  of  the  respiratory 
system  is  calculated.  The  following  3  breaths  are  delivered 
at  a  pressure  support  level  of  75%  of  the  pressure  calcu- 
lated to  deliver  the  minimum  set  V-p.  From  breath-to-breath 
the  maximum  pressure  change  is  3  cm  H2O  and  can  range 
from  0  cm  H-,0  above  PEEP  to  5  cm  H,0  below  the 
high-pressure  alarm  setting.  All  breaths  are  pressure-sup- 
port breaths,  and  cycling  normally  occurs  at  5%  of  the 
initial  peak  flow.  A  secondary  cycling  mechanism  is  ac- 
tivated if  T,  exceeds  80%  of  the  set  total  cycle  time.  There 
is  also  a  relationship  between  the  set  ventilator  frequency 
and  Vy.  If  the  desired  Vp  is  500  niL  and  the  respiratory 
frequency  is  set  at  15  breaths/min.  the  V,.  setting  will  be 
7.5  L/min.  If  the  patient's  respiratory  frequency  decreases 
below  15  breaths/min,  the  Vj  target  will  automatically 
increase  up  to  150%  of  the  initial  value,  to  maintain  a 
constant  minimum  V^.  Figure  5  shows  a  flow  diagram  of 
the  decision-making  process  for  volume  support. 

Considerable  speculation,  but  little  data,  suggests  that 
VSV  will  wean  the  patient  from  pressure  support  as  pa- 
tient effort  increases  and  lung  mechanics  improve.  Unfor- 


Respiratory  Care  •  April  2002  Vol  47  No  4 


431 


Closed-Loop  Mechanical  Ventilation 


Calculate 

system 

compliance 


Fig.  5.  Decision  algoritlim  for  volume-support  ventilation.  Vj 
tidal  volume. 


tunately,  patients  do  not  always  attempt  to  take  over  the 
work  of  breathing,  and  weaning  may  not  progress.  In  a 
patient  with  air  tlow  obstruction,  if  the  pressure  level  in- 
creases in  an  attempt  to  maintain  V^.  auto-PEEP  may 
result,  which  is  potentially  dangerous.  The  problems  of 
neural-mechanical  dyssynchrony  during  pressure  support 
have  been  highlighted  by  several  authors.----'*  This  prob- 
lem is  exacerbated  when  a  high  level  of  pressure  support 
is  used  in  a  patient  with  chronic  obstructive  pulmonary 
disease  (COPD).  During  conventional  PSV,  the  prolonga- 
tion of  T,  caused  by  pressure  support  causes  the  patient  to 
activate  expiratory  muscles  in  an  effort  to  exhale,  which 
often  leads  to  air-trapping  and  missed  efforts  as  a  conse- 
quence of  auto-PEEP.  The  problem  is  further  amplified  by 
volume  support.  As  auto-PEEP  increases,  the  same  pres- 
sure limit  results  in  a  smaller  V^.  That  causes  the  volume 
support  algorithm  to  increase  the  pressure  limit,  which 
increases  Vj,  worsens  air-trapping,  and  further  contributes 
to  patient/ventilator  dyssynchrony.  This  can  lead  to  a  vi- 
cious circle  of  increasing  pressure  support,  worsening  air- 
trapping,  and  patient  inability  to  trigger  the  ventilator.  If 
this  results  in  a  respiratory  rate  less  than  the  set  rate  on  the 
ventilator,  the  Vj  is  further  increased.  Setting  appropriate 
alarms  for  V[^.  high  pressure,  and  respiratory  rate  is  criti- 
cally important  for  safely  implementing  volume  support. 

In  cases  of  hyperpnea.  as  patient  demand  increases,  ven- 
tilatory support  decreases,  which  may  be  the  opposite  of 
the  desired  response.  Additionally,  if  the  minimum  Wj 
chosen  by  the  clinician  exceeds  the  patient  demand,  the 
patient  may  remain  at  that  level  of  support  and  weaning 
may  be  delayed.  The  issues  related  to  increasing  Vj  during 
a  low  spontaneous  respiratory  frequency  should  also  be 
considered  when  using  V.SV. 

Keenan  and  Martin-'  reported  a  retrospective  case  series 
in  which  VSV  was  used  in  20  infants  and  children.  They 
reported  a  reduction  in  PIP  and  set  Vj  when  children  were 
switched  to  VSV.  Patients  were  ventilated  with  the  Sie- 
inens  300.  which  provides  a  constant-flow  waveform  dur- 
ing volume-control  venlilatiim.  and  in  that  situation  the 
reduction  in  PIP  when  switching  to  a  pressure-limited  mode 
with  a  decelerating  inspiratory  tlow  waveform  is  expected. 


They  also  found  fthat  PIP  and  V,  further  decreased  over 
the  course  of  VSV.  They  reported  a  nearly  50%  failure  to 
wean  and  extubate  from  VSV  (ie.  patient  switched  to  an- 
other mode  to  complete  weaning),  much  of  which  was 
attributed  to  clinician  unfamiliarity  with  the  mode.  Unfor- 
tunately, there  are  no  trials  evaluating  VSV  as  a  weaning 
technique. 

Sottiaux  recently  reported  3  cases  of  asynchrony  and  Vj 
instability  in  adult  patients  ventilated  with  VSV.-''  In  that 
case  series  the  theoretical  limitations  discussed  previously 
were  observed.  That  is,  in  the  presence  of  auto-PEEP, 
VSV  responds  to  a  reduction  in  V-p  by  increasing  airway 
pressure,  as  dictated  by  the  ventilator  algorithm,  because 
auto-PEEP  limits  the  pressure  change  between  end-expi- 
ratory pressure  and  the  pressure  support  setting,  causing  a 
lower-than-anticipated  V-p  delivery.  As  an  example,  if  PEEP 
is  5  cm  HiO  and  VSV  has  calculated  pulmonary  compli- 
ance at  50  mL/cm  HjO,  then  a  pressure  of  12  cm  HjO  is 
necessary  to  deliver  a  V-j-  of  600  mL.  In  that  scenario,  if 
total  PEEP  is  10  cm  H,0  (5  cm  H,0  of  auto-PEEP)  the 
pressure  change  is  only  7  cm  HjO,  potentially  delivering  a 
Vj  of  only  350  mL  (7  cm  HjO  X  50  mL/cm  H,0).  VSV 
responds  by  increasing  pressure  on  the  next  breath,  which 
further  aggravates  auto-PEEP  in  a  patient  with  air  tlow 
obstruction.  As  auto-PEEP  increases  the  patient  may  be 
unable  to  trigger  the  ventilator,  and  those  missed  efforts 
lead  to  further  dyssynchrony. 

Sottiaux  also  found  that,  when  VSV  leads  to  missed 
triggers,  the  measured  respiratory  frequency  may  fall  be- 
low the  set  ventilator  frequency.  During  VSV  the  ventila- 
tor rate  must  be  set  even  though  there  are  no  mandatory 
breaths.  That  setting  controls  the  limit  for  T,  and  sets  a 
minimum  V^.  In  the  VSV  algorithm,  if  the  patient's  re- 
spiratory frequency  falls  below  the  set  frequency,  the  al- 
gorithm will  attempt  to  maintain  Vg  (set  frequency  X 
target  Vj).  The  result  is  an  increase  in  Vj,  up  to  150'%'  of 
the  clinician-set  value.  That  phenomenon  was  seen  in  one 
of  the  cases  reported  by  Sottiaux.  Figure  6  illustrates  that 
problem.  The  late  flow  termination  of  the  pressure-support 
breath  used  by  the  Siemens  300  (59c)  may  have  further 
contributed  to  the  problem. 

The  use  of  volume  support  as  a  weaning  mode  is  coun- 
terintuitive to  our  present  weaning  techniques.-^  -''  During 
the  course  of  weaning  and  use  of  spontaneous  breathing 
trials,  few  clinicians  would  include  the  V-p  delivered  at  a 
given  pressure  support  setting  as  a  criteria  for  weaning. 
The  usefulness  of  certain  long-held  weaning  predictors  has 
recently  been  questioned,  yet  even  in  that  group  of  pre- 
dictors Vp  had  never  been  shown  to  predict  weaning  suc- 
cess. Certainly,  evidence  is  lacking  that  dual  control  of 
pressure-support  breaths  performs  any  function  other  than 
guarantee  of  Vx. 
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Fig.  6.  Curves  plotting  flow  (F,  in  LVS),  pressure  (P.  in  cm  H2O),  and 
tidal  volume  (V^  in  L)  versus  time  (T,  in  seconds)  recorded  after 
admission  of  a  postoperative  (thoracic  surgery)  patient.  Volume 
support  ventilation  is  applied  with  a  target  Vy  of  0.5  L  and  a  fre- 
quency of  1 0  breaths/min.  The  patient's  activity  is  clearly  observed 
on  the  flow/time  and  pressure/time  curves.  The  patient's  frequency 
is  35  breaths/min  while  ventilator  frequency  reaches  7  breaths/ 
min.  The  ventilator/patient  ratio  is  1 :5.  In  this  case,  the  new  target 
Vj  averages  0.7  L.  (From  Reference  26.) 


Dual  Control  Breath-to-Breath,  Pressure-Limited 
Time-Cycled  Ventilation 

Thi.s  approach  is  available  as  Pressure  Regulated  Vol- 
ume Control  (PRVC)  (on  the  Siemens  300  ventilator). 
Adaptive  Pressure  Ventilation  (on  the  Hamilton  Galileo 
ventilator  [Hamilton  Medical,  Reno,  Nevada]),  Auto-Flow 
(on  the  Evita  4  ventilator  [Drager  Medical,  Telford,  Penn- 
sylvania]), Volume  Control+  (VCV-I-)  (on  the  Puritan 
Bennett  840  ventilator  [Nellcor  and  Puritan  Bennett,  Tyco 
Healthcare,  Carlsbad.  California]),  or  Variable  Pressure 
Control  (on  the  Venturi  ventilator).  Proposed  advantages 
of  this  approach  are  the  positive  attributes  of  pressure- 
control  ventilation  with  constant  V^  and  Wj  and  automatic 
reduction  of  pressure  limit  as  lung  mechanics  improve 
and/or  patient  effort  increases. 

Each  of  these  modes  is  a  form  of  pressure-limited,  time- 
cycled  ventilation  that  uses  Vy  as  a  feedback  control  for 
continuously  adjusting  the  pressure  limit.  This  is  another 
example  of  an  interbreath,  negative-feedback  controller.  In 
general,  the  volume  signal  used  for  ventilator  feedback  is 
not  exhaled  V^,  but  volume  exiting  the  ventilator,  which 
prevents  runaway  that  could  occur  if  a  leak  in  the  circuit 
prevented  accurate  measurement  of  exhaled  V^.  Despite 
the  fact  that  each  manufacturer's  mode  has  a  different 
name,  the  operation  is  fairly  consistent  among  the  venti- 
lators. All  breaths  in  these  modes  are  lime-  or  patient- 
triggered,  pressure-limited,  and  time-cycled.  One  differ- 
ence between  devices  is  that  the  Siemens  300  only  allows 


PRVC  in  the  continuous  mandatory  ventilation  mode.  The 
other  ventilators  allow  dual  conlrol  brcalh-lo-brcalh  using 
continuous  mandatory  ventilation  or  synchronized  inter- 
mittent mandatory  ventilation.  During  synchronized  inter- 
mittent mandatory  ventilation  the  mandatory  breaths  are 
the  dual-control  breaths.  Volume  measurement  for  the  feed- 
back signal  is  also  different  between  ventilators.  The  Sie- 
mens 300  uses  the  volume  leaving  the  ventilator,  as  mea- 
sured by  the  internal  inspiratory  flow  sensor.  The  Hamilton 
Galileo  uses  the  flow  sensor  at  the  airway,  and  the  actual 
Vy  is  estimated  as  the  average  between  inspiratory  and 
expiratory  Vj  measured  at  the  airway  opening.  That  tech- 
nique eliminates  the  effect  of  gas  compression  and  of  leaks 
in  the  ventilator  circuit,  and  may  be  the  preferred  method 
of  volume  monitoring  in  dual  control.  Rather  than  describe 
the  individual  nuances  of  each  version  of  dual  control,  we 
will  discuss  the  operation  of  PRVC. 

Like  VSV,  a  "test  breath"  is  delivered  and  the  apparent 
dynamic  compliance  of  the  respiratory  system  is  calcu- 
lated. The  next  3  breaths  are  delivered  at  a  pressure  limit 
75%  of  that  necessary  to  achieve  the  desired  V^,  based  on 
the  compliance  calculation.  The  ensuing  breaths  will  in- 
crease or  decrease  the  pressure  limit  at  <  3  cm  H^O  per 
breath,  in  an  attempt  to  deliver  the  desired  Vj.  The  pres- 
sure limit  will  fluctuate  between  5  cm  HiO  above  the 
PEEP  level  and  5  cm  H^O  below  the  upper  pressure  alarm 
setting.  Figure  7  illustrates  the  effects  of  a  decrease  in  lung 
compliance  during  dual  control,  breath-to-breath,  pressure- 
limited,  time-cycled  ventilation.  The  ventilator  alarm  will 
sound  if  the  V.^  and  upper  pressure  alarm  settings  are 
incompatible.  Like  VSV.  the  proposed  advantage  of  PRVC 
or  other  dual  control,  breath-to-breath  modes  is  maintain- 
ing the  minimum  peak  pressure,  which  provides  a  constant 
set  Vy  and  automatic  reduction  of  the  pressure  as  the  pa- 
tient improves.  Likewise,  during  periods  of  limited  staff- 
ing, these  modes  will  maintain  a  inore  consistent  V^-  as 
compliance  changes.  Perhaps  the  most  important  advan- 
tage of  these  modes  is  the  ability  of  the  ventilator  to  change 
inspiratory  flow  to  meet  patient  demand  while  maintaining 
a  constant  minimum  Vf,.  Of  course,  traditional  pressure- 
control  ventilation  will  accomplish  that  same  task. 

Because  these  modes  are  pressure-limited,  time-cycled 
ventilation  with  a  fluctuating  pressure  limit  based  on  a 
measured  V,,  any  errors  in  V,  measurement  will  result  in 
decision  errors.  If  the  patient's  demand  increases  during 
assisted  breaths,  the  pressure  level  may  diminish  at  a  time 
when  support  is  most  necessary.  Additionally,  as  the  pres- 
sure level  is  reduced,  mean  airway  pressure  will  decrease, 
potentially  resulting  in  decreased  oxygenation. 

Piotrowski  et  al'"  compared  PRVC  to  volume-controlled 
intermittent  mandatory  ventilation  in  60  neonates  with  re- 
spiratory distress  syndrome  and  reported  shorter  length  of 
mechanical  ventilation  and  lower  incidence  of  broncho- 
pulmonary dysplasia  with  PRVC,  without  any  differences 
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Fig.  7.  Response  of  airway  pressure  (dotted  line)  to  a  reduction  in  lung  compliance  during  dual  control  of  pressure-limited,  time-cycled 
ventilation.  The  pressure  increases  on  a  breatti-to-breath  basis  to  restore  tidal  volume  (solid  line)  to  the  onginal  setting. 


in  outcome  variables  or  complications.  Alvarez  etal""  com- 
pared volume-controlled  ventilation,  pressure-limited  time- 
cycled  ventilation,  and  PRVC  in  10  adult  patients  with 
acute  respiratory  failure  and  reported  that  PRVC  resulted 
in  a  lower  peak  airway  pressure  and  a  slight  improvement 
in  carbon  dio.xide  elimination.  Kesecioglu  et  al-'- '-''  com- 
pared VCV  and  PRVC  in  a  pig  model  of  acute  respiratory 
distress  syndrome,  but  the  results  of  those  reports  are  dif- 
ficult to  extrapolate  to  the  care  of  patients  with  acute  re- 
spiratory distress  syndrome.  Kocis  et  al  compared  PRVC 
to  2  periods  of  VCV  and  found  lower  PIP  (31-25  cm  HjO) 
with  PRVC.'-*  No  changes  in  blood  gases  were  identified. 
As  suggested  previously,  these  changes  are  more  likely 
due  to  the  change  in  inspiratory  flow  waveform  (constant 
to  decelerating)  than  to  any  advantage  of  the  mode.  Figure 
8  shows  the  decision  algorithm  for  dual  control  of  pres- 
sure-limited, time-cycled  ventilation. 

AutoMode  and  Variable  Pressure  SupportA'ariable 
Pressure  Control 

AutoMode  is  available  on  the  Siemens  300A  ventilator 
and  variable  pressure  support/\ariable  pressure  control  is 
available  on  the  Venturi  ventilator.  Both  were  designed  for 
automated  weaning  from  pressure  control  to  pressure  sup- 
port and  automated  escalation  of  support  as  patient  effort 
diminishes  below  a  selected  threshold.  The  two  modes 
operate  in  a  similar  fashion,  so  only  one  will  be  described 


Pressure  limit 

unchanged 

Ives 

. 

^ 

Calculate  new 
pressure  limit 

No  ^y^  Delivered  Vt     "\^ 
^      <C             equal  to  set             , 

\^/^S^ 

Pressure  limit 

set  based  on 

Vj/compliance 

Breath  on 

y^  Insp. 
\v    insp. 

* 

. 

Fig.  8.  Decision  algorithm  for  dual  control  breath-to-breath  with 
pressure-limited,  time-cycled  ventilation.  Vy  =  tidal  volume.  Insp  = 
inspiratory. 


here.  AutoMode  combines  VSV  and  PRVC  into  a  single 
mode.  The  ventilator  provides  PRVC  if  the  patient  is  par- 
alyzed. All  breaths  are  mandatory  breaths  that  are  time- 
triggered,  pressure-limited,  and  time-cycled.  The  pressure 
limit  increases  or  decreases  to  maintain  the  desired  V^  set 
by  the  clinician.  If  the  patient  triggers  2  consecutive  breaths. 
the  ventilator  switches  to  VSV.  If  the  patient  becomes 
apneic  for  12  .seconds  (8  s  in  the  pediatric  setting  or  ."i  s  in 
the  neonatal  setting),  the  ventilator  switches  to  PRVC.  The 
change  from  PRVC  to  VSV  is  accomplished  at  equivalent 
peak  pressures.  AutoMode  also  switches  from  pressure 
control  to  pressure  support  or  from  VCV  to  VSV.  In  the 
switch  Ironi  VCV  to  VSV,  the  VSV  pressure  limit  will  be 
equivalent  to  the  pause  pressure  during  VCV.  If  an  in- 
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spiratory  plateau  is  ncit  available,  ihe  inilial  pressure  level 
is  calculated  as; 


(peak  pressure  -  PEEP)  X  50%   +   PEEP 

AutoMode  has  only  recently  been  introduced.  One  con- 
cern is  that  dining  the  switch  from  time-cycled  to  tlow- 
cycled  \eiitiIation.  mean  airway  pressure  may  tall,  which 
could  result  in  hypoxemia  in  a  patient  with  acute  lung 
injury.  The  ventilator's  algorithm  is  simple,  with  the  patient 
assisting  either  all  or  none  of  the  breaths.  No  clinical  studies 
have  evaluated  AutoMode,  and  no  evidence  suggests  that  this 
type  of  weaning  is  either  necessary  or  useful. 

.\daptive  Support  Ventilation 

Adaptive  support  ventilation  (ASV)  is  a  closed-loop 
mode  of  mechanical  ventilation  designed  to  titrate  venti- 
lator output  on  a  breath-by-breath  basis.  The  level  of  ven- 
tilatory support  provided  by  the  ventilator  is  determined 
by  the  mechanical  characteristics  of  the  respiratory  system 
and  breathing  effort.  The  goal  of  ASV  is  to  provide  a 
pre-set  Vj.  while  minimizing  WOB.  ASV  is  flexible  in 
application  and  can  provide  full  or  partial  ventilatory  sup- 
port at  either  the  initiation,  maintenance,  or  weaning  phase 
of  mechanical  ventilation.  ASV  is  available  on  the  Galileo 
ventilator. 

Principle  of  Operation.  ASV  is  a  rule-based  ventilatory 
technique  that  guides  the  patient  to  achieve  a  minimum  Vg 
using  an  "optimal"  breathing  pattern.  ASV  employs  2  types 
of  rules:  "hard"  and  "soft."  Hard  rules  are  pre-set  limits 
unaffected  by  user  input  or  patient  mechanics.  An  example 
of  a  hard  rule  is  the  high  pressure  limit.  The  ventilator  will 
not  exceed  that  pressure,  despite  failure  to  achieve  other 
pre-set  goals.  Soft  rules  are  determined  by  clinician  input 
and  respiratory  mechanics.  Soft  rules  generally  have  a 
range  of  operation  and  may  change  with  time  and  clinician 
input. 

Initial  setup  of  ASV  requires  that  the  clinician  deter- 
mine the  minimum  (target)  V^  by  input  of  the  patient's 
ideal  body  weight  (IBW)  and  setting  a  control  referred  to 
as  "%  minute  volume"  ("y^  Min  Vol).  IBW  may  range  from 
10  to  200  kg  and  is  calculated  for  patients  by  using  the 
following  formulas:'^ 

Male:  IBW  =  50  +  2.3  (height  in  inches  -  60) 
Female:  IBW  =  45.5  +  2.3  (height  in  inches  -  60) 

IBW  is  used  according  to  the  Radford  nomogram  to 
determine  the  anatomic  or  series  dead  space  of  the  patient 
at  2.2  mL/kg."*^  Adjustments  to  the  calculated  IBW  should 
only  be  made  to  compensate  intentional  changes  in  series 
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Fig.  9.  Possible  combinations  of  respiratory  frequency  and  tidal 
volume  thiat  satisfy  the  minute  volume  requirement  of  7.5  LVmin. 


dead  space  (eg,  use  of  a  heat  and  moisture  exchanger  with 
large  dead  space,  add  0.5  kg  per  mL  of  dead  space)  or 
known  changes  in  available  lung  volume  (eg,  lung  resec- 
tion or  pneumonectomy,  subtract  accordingly).  IBW  is  also 
used  to  determine  2  "soft"  rule  boundaries  for  high  and 
low  Vj  at  15.4  mL/kg  and  4.4  mL/kg  of  IBW,  respec- 
tively. The  lower  boundary  assures  the  minimum  V,-  will 
be  twice  the  normal  dead  space. 

Once  the  IBW  is  entered,  target  Vg  is  determined  by  the 
%  Min  Vol  control  according  to  the  following  formulas: 

IBW  >  15  kg:  Ve  target  =  100  X  %  Min  Vol  x  IBW 
IBW  <  15  kg:  Vg  target  =  200  X  %  Min  Vol  X  IBW 

The  %  Min  Vol  control  is  adjustable  from  25%  to  350%, 
to  account  for  variations  in  dead  space  resulting  from  ven- 
tilation/perfusion  mismatch  and  changes  in  carbon  dioxide 
production.  An  adult  patient  with  an  IBW  of  75  kg  set  to 
100%  Min  Vol  will  have  a  target  V^  of  7.5  L/min.  Figure 
9  illustrates  all  possible  rate  and  V  p  combinations  that  will 
yield  the  target  V^,.  The  '/r  Min  Vol  setting  determines  a 
"soft"  boundary  for  high  mandatory  breath  rate  based  on 
the  following  formulas; 

IBW  >  15  kg:  Max  f  =  22  breaths/min  X  %  Min  Vol/100 
IBW  <  15  kg:  Max  f  =  45  breaths/min  X  %  Min  Vol/ 100 

in  which  Max  f  is  maximum  respiratory  I'requency.  Hard 
boundaries  for  the  mandatoiy  breath  rate  are  minimum  of  5 
breaths/min  and  maximum  of  60  breaths/min.  Because  the 
minimum  mandatory  breath  rate  is  5  breaths/min.  the  soft 
boundary  for  maximum  mandatory  Vy  depends  on  the  target 
V[.  (ie.  Max  Vj  =  target  V,/5).  Figure  10  shows  the  same 
target  V^  line,  with  the  addition  of  "safety  limits"  for  fre- 
quency and  V,.  as  determined  by  the  ASV  rules  ba.se. 
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Fig.  10.  Safety  limits  for  frequency  and  tidal  volume  imposed  by 
the  adaptive  support  ventilation  algorithim. 


The  ASV  algorithm  determines  the  optimal  breathing 
pattern  (frequency  and  Vj)  by  applying  the  "minimum 
WOB"  concept  described  by  Otis  et  al  in  1950."  The 
minimum  WOB  concept  predicts  that  the  patient  will  adopt 
a  breathing  pattern  (Vy  and  frequency)  that  minimizes  the 
cumulative  effects  of  elastic  and  resistive  loads  imposed 
on  and  by  the  respiratory  system.  The  following  equation 
describes  patient  selection  of  optimal  respiratory  rate  us- 
ing Otis"  minimal  work  concept: 


RR 


^[1  +  47rRCe  •  (VaA'd)  -  l]/2irRCe 


in  which  RR  =  respiratory  rate,  RCe  =  expiratory  time 
constant  (product  of  airways  resistance  and  respiratory  sys- 
tem compliance),  V^  =  alveolar  volume,  and  Vp  =  dead 
space  volume.  For  example,  a  75  kg  patient  with  a  respi- 
ratory system  compliance  of  0.05  L/cm  H^O,  airway  re- 
sistance of  5  cm  H2O/L/S,  and  an  added  resistance  of  5  cm 
HiO/L/s  (due  to  the  exhalation  valve  and  breathing  circuit) 
would  have  a  calculated  RCe  of  0.5  second  (0.05  L/cm 
H2O  X  10  cm  H.O/L/s).  With  the  %  Min  Vol  set  to  100%, 
the  target  Vg  is  7.5  L/min.  The  ASV  algorithm  will  cal- 
culate a  target  respiratory  rate  of  14  breaths/min  and  a 
target  V^-  of  0.535  L.  Measurement  of  RCe  allows  ASV  to 
adjust  for  different  disease  processes.  Restrictive  disease 
results  in  lower  selected  Wj  and  higher  frequency.  Ob- 
structive disease  results  in  a  higher  Vp  and  lower  fre- 
quency. Additionally,  when  patient  effort  is  absent,  restric- 
tive disease  results  in  an  inspiration-expiration  ratio  in 
which  inspiratory  and  expiratory  times  are  similar,  whereas 
obstructive  disease  results  in  longer  expiratory  time. 

If  no  patient  effort  is  detected,  the  target  breathing  pat- 
tern will  be  imposed  on  the  patient  with  mandatory  breaths 
that  are  pressure-limited,  volume-targeted,  and  time-cy- 
cled (dual-control  breaths).  The  inspiratory  pressure  of 
each  mandatory  breath  is  determined  by  the  pressure/vol- 


ume relationship  measured  during  the  previous  8  breaths. 
Inspiratory  pressure  may  be  adjusted  by  up  to  2.0  cm  HjO 
per  breath  in  order  to  deliver  the  target  V ,.  The  minimum 
inspiratory  pressure  is  5  cm  HjO  above  baseline.  The  max- 
imum inspiratory  pressure  (P^ax)  is  determined  by  the  cli- 
nician's setting  of  the  high  pressure  limit  alarm,  which  is 
the  pressure  at  which  an  alarm  {airway  pressure  high)  will 
sound  and  inspiration  will  terminate.  The  ASV  controller, 
however,  will  not  target  a  pressure  within  10  cm  H2O  of 
the  Pn,a^  (eg,  if  the  P,„^^  is  set  to  40  cm  HjO,  the  highest 
target  pressure  during  ASV  is  30  cm  H2O).  In  that  case,  an 
alarm  (unable  to  reach  target)  will  sound  if  the  target  V^ 
is  not  achieved. 

Tj  and  inspiration-expiration  ratio  during  mandatory 
breath  delivery  are  controlled  by  the  ASV  algorithm  and 
are  determined  by  calculations  that  include  rate,  V^;,  Vq, 
and  RCe.  The  ASV  rules  base  also  sets  boundaries  for 
inspiratory  and  expiratory  time.  Hard  rules  for  the  mini- 
mum and  maximum  T,  are  0.5  and  2.0  seconds,  respec- 
tively. In  addition,  the  minimum  T,  must  be  ^  1  RCe. 
Minimum  expiratory  time  is  equal  to  3  RCe,  which  should 
allow  exhalation  of  at  least  95%  of  the  inspired  volume.""* 
This  rule  also  affects  the  maximum  breath  rate  according 
to  the  formula:  maximum  breath  rate  =  15/RCe.  These 
timing  limitations  are  imposed  to  avoid  rapid  breathing 
rates  that  may  result  in  gas  trapping,  high  dead-space  ven- 
tilation, and  the  development  of  auto-PEEP.  The  maxi- 
mum expiratory  time  is  15  seconds  and  the  limits  for  in- 
spiration-expiration ratio  are  1:4-1:1. 

If  patient  effort  is  detected,  ASV  will  deliver  breaths 
that  are  pressure-limited,  volume-targeted,  and  tlow-cy- 
cled  (ie,  dual  control  pressure  support).  As  patient  contri- 
bution to  the  target  Vg  increases,  the  ASV  algorithm  au- 
tomatically reduces  the  mandatory  breath  rate.  ASV  will 
continue  to  target  an  "optimal"  breathing  pattern,  although 
during  spontaneous  breathing,  the  only  variable  being  con- 
trolled by  ASV  is  inspiratory  pressure.  During  that  time, 
ASV  operates  similarly  to  dual  control  pressure  support 
(VSV).  This  is  the  weak  point  in  the  ASV  algorithm  and 
is  open  to  all  the  criticisms  discussed  previously  for  VSV. 
The  one  advantage  of  ASV  is  the  ability  to  change  the 
flow  termination  criteria  of  the  pressure-support  breaths. 

Clinician-set  controls  include  PEEP/CPAP  (continuous 
positive  airway  pressure),  F,o,,  rise  time,  expiratory  trig- 
ger sensitivity,  and  inspiratory  trigger  sensitivity.  Proper 
setting  and  manipulation  of  these  clinician-set  control  in- 
fluences ASV  function  and  efficiency.  For  example,  ma- 
nipulation of  PEEP/CPAP  will  intluence  patient  lung  me- 
chanics, which  may  affect  determination  of  the  optimal 
breathing  pattern  by  the  ASV  algorithm  and  affect  patient 
WOB.  Because  all  breaths  delivered  during  ASV  are  pres- 
sure-limited, setting  pressure  ramp  (rise  time)  appropri- 
ately may  improve  patient  comfort,  reduce  WOB,  and  im- 
prove patient/ventilator  synchrony  as  a  result  of  optimizing 


436 


Respiratory  Care  •  April  2002  Vol  47  No  4 


Closed-Loop  Mechanical  Vlntilation 


2. 25 

2,00 

1,75 

^   1.S0 

g  1.00 
0.76 


5«fflty  box  imposed  by  adaptiv*  support  vvntlaUon  rulas  bata 


Frequency   itreaihs^min 


Fig.  11.  Adaptive  support  ventilation  selection  of  the  target  fre- 
quency and  tidal  volume  using  the  equation  of  Otis.^' 


the  initial  flow  output  of  the  ventilator  to  match  the  flow 
demands  of  the  patient.-" 

Application.  Initiation  of  ASV  requires  clinician  input 
of  IBW  and  7c.  Min  Vol  to  calculate  the  target  Vf..  PEEP/ 
CPAP,  F|o,.  trigger  sensitivity,  pressure  ramp,  and  expi- 
ratory trigger  sensitivity  are  set  manually.  Alarm  limits 
should  also  be  selected,  with  special  consideration  for  the 
setting  of  the  P„,_j^  alarm,  which  sets  the  upper  boundary 
for  delivered  Vj  during  ASV.  It  is  recommended  to  initi- 
ate ASV  with  a  F,„,,^  of  45  cm  H^O.  which  will  limit  the 
highest  target  inspiratory  pressure  to  <  35  cm  H^O. 

Upon  initiation.  ASV  delivers  a  series  of  pressure-lim- 
ited test  breaths  to  the  patient  at  a  rate  of  15  breaths/rnin 
and  an  inspiratory  pressure  of  15  cm  H^O.  The  ventilator 
measures  respiratory  system  compliance,  airways  resis- 
tance, and  intrinsic  PEEP,  using  the  least  squares  fit  tech- 
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Fig.  12.  Limits  imposed  by  the  adaptive  support  ventilation  rules 
base  to  assure  safe  and  effective  ventilation.  A  =  apnea.  B  = 
volutrauma/barotrauma.  C  -  intrinsic  positive  end-expiratory  pres- 
sure. D  =  rapid  shallow  breathing. 


nique."*"  Those  measurements  determine  the  target  breath 
rate  and  V.^  (Fig.  11).  A  "safety  box"  is  constructed  ac- 
cording to  the  ASV  rules  base.  Table  1  lists  lung-protec- 
tive ASV  rules,  which  determine  the  minimum  and  max- 
imum values  for  each  controlled  variable.  Figure  12  shows 
the  limits  imposed  by  ASV  rules.  The  patient  will  be  guided 
to  the  target  point  (f,  V.,^,  and  V,.)  through  manipulation  of 
mandatory  breath  rate  and  inspiratory  pressure,  according 
to  the  algorithm  in  Figure  1.1  In  quadrant  I  of  Figure  13, 
the  Vj  exceeds  the  target  and  the  respiratory  rate  is  below 
the  target.  ASV  will  respond  by  decreasing  the  inspiratory 
pressure  and  increasing  the  mandatory  breath  rate.  In  quad- 
rant II  the  Vq-  exceeds  the  target  while  the  respiratory  rate 
is  above  the  target.  ASV  response  includes  reducing  both 
inspiratory  pressure  and  mandatory  breath  rate.  In  quad- 
rant III  the  Vj  is  lower  than  the  target  value  and  respira- 


Table  1.      Minimum  and  Maximum  Values  for  All  Control  Variables  Detemiined  by  the  Adaptive  Support  Ventilation  Lung-Protective  Rules  Base 


Variable 


Minimum 


Maximum 


Inspiratory  pressure  (cm  H^O) 
Tidal  volume  (mL) 

Target  respiratory  rate  (breaths/min) 

Mandatory  breath  rate  (breaths/min) 
Inspiratory  time  (s) 
Expiratory  time  (s) 
Inspiration-expiration  ratio 


5  above  baseline  airway  pressure  (PEEP/CPAP) 
4.4  X  IBW 


5 

0.5  or  I   X  RCe.  whichever  is  longer 

3  X  RCe 

1:4 


PEEP  -  poMlivL-  cnd-eipirauir>  pressure. 

CPAP  =  cominuous  posilivc  airway  prcs.sure, 

Pm«  ~  maximum  Inspiratory  pressure. 

IBW  =  ideal  body  weight. 

Ve  =  minute  volume. 

%  Min  Vol  is  a  control  setting  that  detemiines  a  "soft"  boundary  for  high  mandatory  breath  rate  (see  text). 

RCe  =  expiratory  time  con.stant  (product  of  airways  resistance  and  respiratory  system  compliance). 


10  below  P,„,^  alarm  setting 

I. 5.4  X  IBW  or  V,./5.  whichever  is  lower.  May 

be  limited  by  P,„,^  alarm. 
22  X  %  Min  Vol/lOO  (if  IBW  >  15  kg) 
45  X  %  Mm  Vol/lOO  (if  IBW  <  15  kg) 
60 
2.(1 
15 
1:1 
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Fig.  13.  Guidance  of  frequency  (f)  and  tidal  volume  (Vj)  to  the  adaptive  support  ventilation  selected  targets  through  manipulation  of  airway 
pressure  and  ventilator  frequency.  P,nsp  =  inspiratory  pressure.  Mand  =  mandatory. 


tory  rate  exceeds  the  target,  in  which  case  ASV  will  in- 
crease the  inspiratory  pressure  while  decreasing  the 
mandatory  breath  rate.  Finally,  in  quadrant  IV  both  Vj  and 
respiratory  rate  are  below  the  target  values  and  ASV  re- 
sponds by  increasing  the  inspiratory  pressure  and  manda- 
tory breath  rate. 

ASV  also  controls  T,  and  inspiration-expiration  ratio 
during  mandatory  breaths  according  to  the  rules  base  in 
Table  1 .  Table  2  shows  examples  of  how  to  adjust  the  % 
Min  Vol  based  on  arterial  blood  gas  values  and  monitored 
breathing  pattern.  An  unacceptable  breathing  pattern  refers 
to  tachypnea  (frequency  >  35  breaths/min  in  adults)  and/or 
clinical  evidence  of  increased  patient  WOB  (eg,  accessory 


muscle  use.  abdominal-thoracic  paradoxical  motion,  inter- 
costal retractions). 

When  spontaneous  breathing  is  detected,  the  ASV 
algorithm  encourages  continued  efforts  by  reducing  the 
mandatory  breath  rate.  During  spontaneous  breathing, 
ASV  guides  the  patient  to  the  optimal  breathing  pattern 
target  through  manipulation  of  inspiratory  pressure.  Each 
breath  is  delivered  as  a  pressure-limited,  flow-cycled 
breath  (pressure  support)  with  a  volume  target.  The  pa- 
tient may  breathe  at  a  Vg  exceeding  the  target  but  does 
so  by  breathing  at  a  rate  above  the  target  while  the  Vj 
target  is  maintained.  The  rules  base  is  still  in  effect  and 
will  augment  the  ventilator  output  should  the  patient 


Table  2.      Examples  of  Proper  Adjustment  of  the  %  Minute  Volume  Setting  During  Adaptive  Support  Ventilation  Based  on  Arterial  Blood  Gas 
Values  and  Monitored  Brealhing  Pattern 


ABG  Values 


Spontaneous 
Breathing  Pattern 


Proposed  %  Min  Vol  Change 


Comments 


Consider  weaning  %  Min  Vol 

None 

Increase  %  Min  Vol 

Increase  %  Min  Vol 

Consider  increasing  %  Min  Vol  if  pH  <  7.30 

Increase  %  Min  Vol 

Decrease  %  Min  Vol 

Consider  decreasing  %  Min  Vol 

Consider  increasing  ^r  Min  Vol 

None 

Consider  increasing  %  Min  Vol 


ABG  =  iineria!  blood  gas. 

%  Min  Vol  is  a  control  selling  thai  dclcrmincs  a  "soft"  boundary  lor  high  mandatory  breath  rate  (see  lexl), 

PEEP  =  positive  end-expiratory  pressure- 

CPAP  =  continuous  positive  airway  pressure 

SpOi  =  oxygen  saturation  mea-sured  via  pulse  oximetry. 

F|02  =  fraction  of  inspired  oxygen. 


Normal 

None 

Normal 

Acceptable 

Nonnal 

Unacceptable 

High  P„co, 

None 

High  P,ca, 

Acceptable 

High  P,co, 

Unacceptable 

Low  P^co, 

None 

Low  P,co, 

Acceptable 

Low  P^co, 

Unacceptable 

Low  P^o/Spo, 

None  or  acceptable 

Low  P„c)/Spo, 

Unacceptable 

Consider  weaning  9c  Min  Vol 

Continue  to  monitor  patient 

Identify  cause,  consider  sedation 

Monitor  inspiratory  pressure 

Monitor  inspiratory  pressure 

Identity  cause,  monitor  inspiralorv  pressure 

Monitor  mean  airway  pressure  and  oxygenation  status 

Monitor  mean  airway  pressure  and  oxygenation  status 

Identify  cause,  consider  sedation 

Consider  increasing  PEEP/CPAP  and/or  F,o, 

Consider  increasing  PEEP/CPAP  and/or  F,q, 
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breathe  outside  the  safety  box.  It  is  possible,  under  rare 
circumstances,  for  the  target  to  be  outside  the  safety 
box.  In  that  case,  the  A.SV  algorithm  will  choose  a  point 
within  the  safety  box  that  is  closest  to  the  target  point. 
and  associated  alarms  (eg,  clicik  7r  Miii  VdI.  iiiuihlc  in 
reach  tciri;ei)  will  alert  the  clinician. 

Weaning  of  ventilator  rate  and  inspiratory  pressure  is 
automatically  and  continuously  carried  out  with  ASV  as 
patient  breathing  effort  is  restored  and  lung  mechanics 
improve.  Patients  should  be  considered  weaned  from  me- 
chanical ventilation  when  "minimal"  ASV  settings  (man- 
datory breath  rate  of  0  and  inspiratory  pressure  of  £  8  cm 
H2O  above  baseline)  are  detected.  ASV  should  not  be 
viewed  as  simply  a  "weaning"  mode  of  ventilation,  but  as 
a  "titrating"  mode  of  ventilation.  Weaning  implies  that 
support  is  only  reduced,  whereas.  ASV  provides  appropri- 
ate manipulation  of  control  variables  in  either  direction 
based  on  the  measured  needs,  mechanics,  and  effort  of  the 
patient. 

One  potential  benefit  of  ASV  includes  selection  of  initial 
ventilator  settings  when  little  is  known  about  the  patient  or 
when  expert  staff  are  not  readily  available.  Laubscher  et 
aH'  compared  ASV  to  settings  selected  by  clinicians  for  42 
patients  (17  children).  The  version  of  ASV  used  in  that 
study  included  measurement  of  expired  carbon  dioxide  in 
order  to  determine  dead  space,  obviating  input  of  IBW. 
Their  results  indicate  that  ASV  provides  equivalent  gas- 
exchange  to  clinician-selected  settings,  while  selecting 
lower  Vj  and  higher  rates  than  clinicians.  They  confirmed 
the  results  in  a  follow-up  study  of  30  patients  ranging  from 
15  to  100  kg.-*-  Again,  arterial  blood  gas  values  were  un- 
changed between  the  study  groups,  whereas  ASV  was  as- 
sociated with  lower  Vy,  lower  PIP,  and  higher  breathing 
frequency. 

More  recently,  Campbell  et  aH"*  evaluated  ASV  during 
initiation  of  mechanical  ventilation  in  a  group  of  20  post- 
operative patients  with  neuromuscular  blockade.  Their  re- 
sults were  similar  to  those  of  Laubscher  et  al  in  that  ASV 
provided  lower  Vy  (7.8  vs  9.7  mL/kg),  lower  PIP,  and 
higher  respiratory  rate  than  clinician-selected  settings.  Ad- 
ditionally, ASV  was  associated  with  an  improved  effi- 
ciency of  ventilation,  as  demonstrated  by  a  reduction  in 
dead  space  to  Wj  ratio,  compared  to  conventional  settings. 

An  additional  potential  benefit  of  ASV  is  its  ability  to 
adapt  to  the  patient  as  lung  mechanics  and  patient  effort 
change.  Mechanically  ventilated  patients  are  dynamic,  and 
changes  in  respiratory  needs,  drive,  and  ability  occur  con- 
tinuously. ASV  alters  ventilator  output  to  meet  those 
changes,  without  clinician  input  or  interaction,  which  may 
reduce  delays  in  treatment.  Careful  patient  monitoring  dur- 
ing ASV  is  essential  to  properly  evaluate  the  effectiveness 
and  appropriateness  of  settings  and  alterations,  while  also 
providing  insight  into  the  patient's  progress. 


Changes  in  respiratory  drive  and  mechanics  may  also  be 
induced  by  common  bedside  procedures  and  interventions. 
For  example,  changes  in  body  position  impact  the  patient's 
pulmonary  mechanics  and  thus  affect  the  optimal  breath- 
ing pattern.  Weiler  et  aH'  evaluated  ASV  during  changes 
in  patient  position  and  found  that  the  ASV  algorithm  pro- 
vided adaptation  to  more  appropriate  ventilator  settings 
than  did  conventional  ventilation  in  response  to  position- 
induced  changes  in  lung  mechanics.  Other  common  pro- 
cedures that  may  intluence  patient  drive  and  lung  mechan- 
ics are  accumulation/removal  of  airway  secretions,  airway 
suctioning,  bronchoscopy,  pain/agitation,  sedation,  visita- 
tion, baths,  linen  changes,  radiographs,  and  line  place- 
ment. Weiler  et  aH*^  have  also  described  the  use  of  ASV 
during  transition  to  and  from  one-lung  anesthesia  during 
thoracic  surgical  procedures.  In  that  study  the  ventilator 
accurately  measured  changes  in  lung  mechanics  (increased 
resistance  and  decreased  compliance,  yielding  nearly  the 
same  time  constant).  The  ASV  controller  adapted  to  one- 
lung  ventilation  by  increasing  the  inspiratory  pressure  in  a 
stepwise  fashion  from  18  to  27  cm  H2O.  thereby  main- 
taining Vj  and  Vg  at  baseline  values.  Those  researchers 
concluded  that  the  ASV  controller,  even  under  highly  vari- 
able conditions,  is  able  to  appropriately  ventilate  patients 
without  intervention  by  the  clinician. 

The  intent  of  ASV  is  not  to  replace  knowledgeable  and 
dedicated  staff,  but  rather  to  complement  and  enhance 
their  practice  by  timely  automation  of  necessary  ventilator 
adjustment,  while  providing  appropriate  monitoring  and 
interface  of  information.  Limitations  of  ASV  include  its 
inability  to  recognize  and  respond  to  changes  in  either 
serial  or  alveolar  dead  space  ventilation.  Substantial  de- 
rangements in  dead  space  may  be  clinically  recognized  in 
spontaneously  breathing  patients  but  may  go  unrecognized 
during  full  ventilatory  support.-**  Confirmation  and  appro- 
priate treatment  of  those  changes  requires  interpretation  of 
arterial  blood  gas  data.  Patients  with  severe  COPD  may 
require  longer  expiratory  times  than  are  provided  by  the 
ASV  algorithm.  If  ASV  is  used  in  that  patient  population, 
clinicians  should  closely  monitor  for  intrinsic  PEEP  and 
gas  trapping.  Like  other  forms  of  dual-control  ventilation. 
ASV  may  be  prone  to  reducing  inspiratory  pressure  as  a 
result  of  increased  patient  effort.  In  some  cases,  when 
patient  effort  and  WOB  is  excessive,  an  increase  in  in- 
spiratory pressure  may  be  more  appropriate.  Finally,  it  is 
possible  during  transition  from  full  to  partial  ventilatory 
support  (onset  of  spontaneous  breathing)  for  mean  airway 
pressure  to  drop  dramatically.  In  some  cases,  substantial 
hypoxemia  could  result. 

It  is  clear  that  technology  currently  allows  continuous, 
reliable,  and  accurate  measurement  of  respiratory  vari- 
ables.^^ Protocols  for  directing  ventilator  management  have 
been  shown  to  reduce  ventilator  days,  hospital  stay,  and 
cost.'*'*'''^  One  reason  for  improved  outcome  is  the  imple- 
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mentation  of  such  protocols  by  bedside  caregivers  (eg, 
respiratory  therapists,  critical  care  nurses)  rather  than  by 
physicians.  ASV  might  be  considered  an  "electronic  pro- 
tocol" for  mechanical  ventilation. 

Mandatory  Minute  Volume 

Mandatory  minute  volume  (MMV)  was  first  described 
by  Hewlett  et  al  in  1977.'"  The  original  MMV  mode  was 
a  totally  mechanical  system  that  guaranteed  a  minimum 
Vg.  A  metered  flow  of  fresh  gas  (equal  to  desired  Vg)  was 
delivered  to  a  reservoir  bag  and  made  available  to  the 
patient.  The  patient  could  breathe  up  to  the  pre-set  MMV 
at  any  combination  of  spontaneous  rate  and  V-p.  If  the 
patient  did  not  breathe  at  a  Vf.  above  the  set  value,  the 
reservoir  bag  would  begin  to  fill.  If  the  bag  became  full,  a 
mechanism  would  trigger  mandatory  breaths  at  a  set  V^. 
The  mandatory  breath  rate  would  continue  until  the  patient 
breathed  enough  volume  from  the  bag  to  release  the  trig- 
ger mechanism.  Thus,  the  patient  was  obligated  to  receive 
the  set  Vj:. 

Conceptually,  MMV  was  touted  as  a  weaning  mode, 
because,  as  the  patient  took  over  spontaneous  breathing 
and  satisfied  the  Vp  requirement,  the  ventilator  reduced 
support.  MMV  was  also  considered  a  safety  net  during 
weaning,  in  case  of  patient  fatigue.  Early  use  of  MMV  was 
considered  problematic  and  modifications  were  sug- 
gested.*^' In  I9S9.  Davis  et  al  found  that  weaning  with 
MMV  was  "rapid  and  less  demanding  on  the  intensive 
care  unit  staff"  than  intermittent  mandatory  ventilation. ^^ 
They  weaned  intermittent  mandatory  ventilation  by  2 
breaths  every  3-4  hours  during  waking  hours  and  MMV 
was  set  at  75%  of  the  patient's  current  Vg.  MMV  patients 
weaned  in  a  mean  time  of  4.75  hours,  whereas  intermittent 
mandatory  ventilation  weaning  required  a  mean  time  of  33 
hours.  It  is  interesting  that  those  authors  made  a  rather 
astute  obser\  ation  that  required  another  decade  to  become 
popular.  They  wrote: 

We  believe  that  MMV  weaning  incorporates  the 
advantages  of  gradual  weaning  and  abrupt  trial  of 
spontaneous  ventilation  weaning,  with  the  disad- 
vantages of  neither,  providing  a  safe  trial  of  spon- 
taneous ventilation  while  retaining  tHe  facility  for 
partial  ventilation. 


With  the  introduction  of  microprocessor  technology, 
MMV  became  easier  to  implement  with  additional  safety 
mechanisms.  The  most  common  approach  was  to  follow 
the  predicted  V^  based  on  an  average  of  a  series  of  breaths 
or  a  designated  time  period. '''^■*  Some  manufacturers 
achieved  the  V^  goal  through  the  addition  of  mandatory 
breaths  at  the  V^  set  by  the  clinician.  Others  used  a  dual 
control  strategy,  increasing  or  decreasing  pressure  during 


spontaneous  breathing  to  meet  the  Vj.  target.  In  fact,  the 
Hamilton  Veolar  ventilator  introduced  the  concept  of  mon- 
itoring Vg  on  an  8-breath  rolling  average  and  manipulating 
pressure  support  to  achieve  the  desired  V^ — the  first  ap- 
plication of  a  dual  control  mode  of  ventilation. ''^•'■* 

Limitations  of  MMV  include  possible  development 
of  rapid-shallow  breathing,  breath  stacking  (intrinsic 
PEEP),  delivery  of  dangerously  high  Vj,  increased  dead 
space  ventilation,  and  inappropriate  settings  due  to  cli- 
nician misunderstanding  and  misapplication.  In  order 
to  avoid  inappropriate  settings,  clinicians  should  mon- 
itor for  and  understand  the  physiologic  sequelae  of 
changes  in  dead  space,  carbon  dioxide  production,  and 
patient  WOB,  while  monitoring  the  patient's  breathing 
pattern  and  gas  exchange.  MMV  has  been  available  for 
many  years,  but  literature  regarding  its  use  is  scarce. 
Similarly,  the  popularity  of  MMV  is  such  that  many 
new  ventilators  are  introduced  without  the  capability 
of  MMV. 

Closed-Loop  Systems  Not  Currently  Commercially 
Available  in  the  United  States 

Proportional  Assist  Ventilation 

Proportional  assist  ventilation  (PAV)  has  been  discussed 
for  over  a  decade  but  still  remains  investigational  in  the 
United  States,  so  we  provide  only  a  cursory  review  here. 
PAV  was  designed  to  increase  or  decrease  airway  pressure 
in  proportion  to  patient  effort. ''"'  This  is  different  than 
traditional  modes,  in  which  support  remains  constant  re- 
gardless of  changes  in  patient  demand  (eg,  pressure  sup- 
port). The  idea  is  that  as  the  patient's  demand  increases  or 
decreases  the  ventilator  support  increases  or  decreases, 
which  should  improve  patient-ventilator  synchrony.  PAV 
is  an  intrabreath,  positive-feedback  controller  that  ampli- 
fies airway  pressure  proportional  to  inspiratory  tlow  and 
volume. 

Unlike  other  modes,  which  deliver  a  pre-set  volume  or 
pressure,  with  PAV  the  amount  of  support  changes  with 
patient  effort,  assisting  ventilation  with  a  uniform  propor- 
tionality between  the  ventilator  and  the  patient.  The  ad- 
vantage of  a  proportional  ventilatory  support  lies  in  its 
ability  to  track  changes  of  ventilatory  effort,  which  may 
occur  rapidly  in  patients  with  respiratory  failure.  To  the 
extent  that  inspiratory  effort  is  a  reflection  of  ventilatory 
demand,  PAV  may  result  in  a  more  physiologic  breathing 
pattern.  Patient  effort  determines  the  ventilating  pressure, 
determined  by  central  drive  and  respiratory  mechanics. 

Younes  et  al-'^''-''*  developed  a  prototype  ventilator  for 
clinical  use  that  is  capable  of  delivering  positive  pressure 
in  proportion  to  both  inspiratory  tlow  and  volume:  they 
described  the  effect  of  that  ventilator  to  deliver  PAV.  The 
principles  of  PAV  have  been  extensively  described  else- 
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where.""'*  PA  V  is  a  positive-feedback  controller  for  which 
respiratory  elastance  and  resistance  are  the  feedback  sig- 
nalgains.  defined  as  K,  (cm  H,0/L)  and  K,  (cm  H,0/L/s). 
respeclixcly.  In  such  a  system,  the  pressure  at  the  airway 
opening  is  adjusted  according  to  the  equation: 


P,pp,  =  K,  X  V  +  K,  X  V 


in  which  P^,  ,  is  the  total  pressure  applied  at  the  airway 
(the  sum  of  the  pressure  developed  by  the  respiratory  mus- 
cles (PniuJ,  and  the  pressure  supplied  by  the  ventilator 
(Paw)'  ^  is  inspiratory  volume,  and  V  is  inspiratory  flow. 
This  is  derived  from  the  equation  of  motion  of  the  respi- 
ratory system:-'^'' 

PappI  ~   Pmus  "*"   Paw    ~   Pe  "*"   Pr 

in  which  Pp  and  Pp,  are  the  P^pp,  dissipated  against  respi- 
ratory elastance  and  resistance,  respectively: 


P^^^  =  elastance  X  V  -I-  resistance  X  V 


in  which  elastance  can  be  substituted  by  K,  and  resis- 
tance by  K, — the  volume  and  flow  gains  of  the  propor- 
tional assist  ventilator.  For  the  airway  pressure  to  be 
amplified  in  proportion  to  the  pressure  developed  by  the 
respiratory  muscles.  K,  and  K^  must  be  set  to  <  100% 
of  the  patient's  elastance  and  resistance.  If  K,  and  K, 
are  2:  100%  of  elastance  and  resistance,  "runaway"  oc- 
curs, in  which  the  ventilator  fails  to  track  inspiratory 
effort. 

Using  PAV  requires  knowledge  of  the  patient's  inspira- 
tory airways  resistance  and  respiratory  system  elastance, 
which  can  be  estimated  by  use  of  an  end-inspiratory  pause 
method  and  the  calculation  of  inspiratory  resistance  (R,) 
as: 

R,  =  (PIP  -  Pp,,,)/V 
and  respiratory  system  compliance  (C)  as: 

C  =  Vt./(Pp„,  -  PEEP) 

Elastance  (E)  is  the  reciprocal  of  compliance  (ie.  E  = 
1/C).  In  other  words,  a  compliance  of  50  mL/cm  H^O  is  an 
elastance  of  20  cm  H^O/L.  The  amount  of  unloading  of 
resistance  and  elastance  is  set  on  the  ventilator.  For  ex- 
ample, consider  a  patient  who  has  an  inspiratory  airways 
resistance  of  20  cm  HiO/L/s  and  an  elastance  of  20  cm 
H2O/L.  To  unload  50%  of  the  patient's  inspiratory  effort  a 
flow  assist  of  10  cm  HjO/L/s  (half  of  the  resistance)  and 
a  volume  assist  of  10  cm  H,0/L  (half  of  the  elastance)  is 


set  on  the  ventilator.  At  any  point  during  inspiration  the 
pressure  applied  to  the  airway  will  be  the  flow  measured  at 
that  time  multiplied  by  the  (low  assist  (10  cm  H^O/L/s  in 
this  example)  and  the  inspired  volume  multiplied  by  the 
volume  assist  (10  cm  HjO/L  in  this  example).  Because 
flow  decreases  and  volume  increases  throughout  inspira- 
tion, tlow  assist  is  greatest  at  the  beginning  of  inspiration 
and  volume  assist  is  greatest  at  the  end  of  inspiration. 
Because  tlow  and  volume  vary  breath-by-breath,  the  air- 
way pressure  during  PAV  varies  breath-by-breath.  Thus, 
PAV  allows  the  respiratory  rate,  T,,  and  inspiratory  pres- 
sure to  vary.  This  is  in  contrast  to  PSV.  which  has  a  fixed 
pressure,  and  pressure-controlled  ventilation,  which  has  a 
fixed  pressure  and  T,. 

Measuring  elastance  and  resistance  in  a  spontaneously 
breathing  patient  is  difficult.  The  necessity  of  accurate 
measurement  of  those  variables  is  the  "Achilles  heel"  of 
PAV.  When  PAV  performs  appropriately,  the  output  of 
the  ventilator  (pressure)  is  less  than  the  pressure  required 
to  overcome  the  impedance  of  the  respiratory  system.  How- 
ever, if  measured  incorrectly,  the  ventilator  output  (pres- 
sure) will  exceed  the  pressure  required  to  overcome  respi- 
ratory system  impedance.  The  result  is  greater  error  in  the 
measurement  of  elastance  and  resistance,  and  a  "runaway" 
condition.  The  difficulty  in  measuring  elastance  and  resis- 
tance is  further  complicated  by  the  common  fluctuations 
of  those  values  in  mechanically  ventilated  patients.  Lastly, 
the  algorithm  for  control  of  PAV  assumes  that  elastance 
and  resistance  characteristics  are  linear.  In  patients  with 
respiratory  failure,  the  nonlinearity  of  those  variables  may 
result  in  inappropriate  ventilation. 

Leaks  in  the  patient/ventilator  system  also  create  prob- 
lems. However,  PAV  has  been  used  successfully  for  non- 
invasive ventilation."'  '"-  in  which  resistance  and  elastance 
cannot  be  easily  measured  and  leaks  are  common.  Perhaps 
the  settings  of  flow  assist  and  volume  assist  can  be  titrated  to 
patient  comfort,  much  like  setting  the  pressure  during  PSV. 

One  method  to  choose  the  correct  settings  for  PAV  uses 
the  "runaway"  method.  The  volume  assist  is  set  at  2  cm 
H2O/L  (with  a  tlow  assist  of  1  cm  H,0/L/s)  and  raised  in 
2  cm  HjO  increments  until  runaway  occurs.  The  patient's 
elastance  is  estimated  as  that  level  of  volume  assist  minus 
1  cm  H^O/L.  The  tlow  assist  is  set  at  1  cm  H.O/L/s  (with 
a  volume  assist  of  2  cm  H^O/L)  and  raised  in  1  cm  HjO/ 
L/s  increments  until  runaway  occurs.  The  patient's  air- 
ways resistance  is  estimated  as  the  tlow  assist  minus  1  cm 
HoO/L/s.«' 

In  the  original  piston  device  described  by  Younes,"  as 
the  patient  demand  iir  volume  increased,  the  forward  move- 
ment of  the  piston  increased.  With  the  use  of  rapidly  re- 
sponding flow  sensors  and  gas  delivery  mechanisms,  PAV 
can  be  provided  by  solenoid-based,  piston-based,  and 
blower-based  ventilators.  The  investigational  use  of  PAV 
for  noninvasive  ventilation  usins:  a  blower  device  has  been 
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reported.*'  PAV  is  available  on  the  Drager  Evita  4  venti- 
lator as  proportional  pressure  support. 

Bigatello  et  al"'  reported  that  PAV  provided  uni- 
form unloading  ot  the  WOB  in  a  lung  model  in  which 
ventilatory  drive  was  varied.  Patient  studies  have  con- 
firmed the  feasibility  of  PAV  in  a  variety  of  patient  con- 
ditions.'*-'''**'" ''-■''■"''^  Experience  with  this  mode  is  limited 
in  the  United  States.  Although  PAV  was  conceived  from  a 
sound  physiologic  basis,  its  successful  implementation  into 
a  commercially  available  device  and  the  role  it  will  play 
clinically  remain  to  be  determined. 

Pressure  Support  Controlled  by  Airway 
Occlusion  Pressure 

lotti  et  al  have  described  a  technique  that  uses  Pq  ,  (air- 
way occlusion  pressure  measured  0. 1  second  after  the  on- 
set of  inspiratory  effort)  to  control  the  level  of  pressure 
support  during  ventilatory  support.*''  ***  Their  research  sur- 
rounding closed-loop  ventilation  led  them  to  consider 
whether  P,, ,  is  a  good  surrogate  for  WOB  and  patient 
comfort.*''  Sassoon  et  al  and  others  previously  demon- 
strated that  P,)  1  is  a  good  predictor  of  ventilatory  work 
load  and  might  be  useful  in  predicting  weaning  success 
during  spontaneous  breathing.^" '^- 

The  Pg  I  control  mode*'^'''^  is  intended  to  simultaneously 
control  both  patient  inspiratory  effort  and  Vj.  Like  other 
new  modes  previously  described,  the  Pq  ,  mode  is  not 
really  new,  it  is  simply  pressure  support.  The  use  of  Pq  ,  to 
control  the  pressure  support  level  is  what  creates  a  new 
ventilation  technique. 

Operation  of  the  Pg  ,  controller  is  automatic  and  there  is 
no  initial  setting  of  the  pressure  support  level;  the  venti- 
lator chooses  the  pressure  based  on  the  measured  and  de- 
sired Pq  |.  However,  the  system  also  uses  a  second  input, 
alveolar  ventilation  (Va,)  to  help  differentiate  a  Pq  ,  value 
altered  secondary  to  changes  in  ventilatory  support.  For 
example,  a  diminished  P,, ,  may  be  caused  by  respiratory 


center  depression  (pharmacologic  or  pathologic)  or  exces- 
sive ventilatory  support  (too  high  a  pressure  support  set- 
ting). By  simultaneously  comparing  both  P„  ,  and  V^,  the 
controller  can  determine  which  is  more  likely.  For  in- 
stance, if  P(,  I  is  low  and  V^  is  high,  excessive  support  is 
the  probable  cause.  If  both  measurements  are  diminished, 
a  low  ventilatory  drive  (which  would  dictate  an  increase  in 
pressure  support)  would  be  predicted.  The  system  uses  2 
clinician-set  controls  to  select  the  targets  for  P,, ,:  the  de- 
sired level  of  inspiratory  activity  performed  by  the  patient, 
and  a  target  for  V^. 

The  Pq  I  controller  uses  a  mainstream  capnometer,  a 
respiratory  monitor  for  automatic  breath  analysis,  a  user 
interface,  a  computer,  and  a  Hamilton  Amadeus  ventilator. 
Besides  monitoring  Pq  ,.  the  respiratory  monitor  continu- 
ously measures  Vj,  series  dead  space,  and  V^.^-* 

Figure  14  shows  the  structure  of  the  Pq  i  controller. 
which  includes  3  parts:  a  P,, ,  controller,  a  V^  controller, 
and  a  merged  controller.  The  Py  ,  controller  uses  the  brealh- 
by-breath  Pq  ,  measurement,  which  is  averaged  over  5 
breaths,  as  the  feedback  signal.  The  P,, ;  target  can  be  set 
in  a  range  between  1  and  5  cm  HiO  or  can  be  turned  off. 
The  controller  compares  the  actual  Pq  ,  with  the  target  Pq  , 
on  a  breath-to-breath  basis.  If  actual  Pq  ,  exceeds  the  tar- 
get, the  controller  dictates  an  increase  in  pressure  support 
level  for  the  next  breath,  whereas  it  dictates  a  decrease  in 
pressure  support  when  actual  P,, ,  is  lower  than  the  target. 

The  V^  controller  guarantees  a  minimum  V^,  equal  to 
the  user-set  target.  For  patient  safety,  the  minimum  V^ 
target  is  limited  to  twice  the  series  dead  space.  The  V^ 
controller  compares  actual  V^  with  target  V^^  on  every 
breath.  If  actual  V^  exceeds  the  target,  the  controller  dic- 
tates a  decrease  in  pressure  support  level  for  the  next  breath, 
whereas  it  dictates  an  increase  in  pressure  support  when 
actual  V^  is  lower  than  the  target. 

The  overall  closed-loop  control  of  P,, ,  is  achieved  by 
merging  the  P„  ,  controller  and  the  W  ^  controller,  as  de- 
picted in  Figure  14.  Comparison  of  actual  values  and  tar- 
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Fig.  14.  Structure  of  the  Pq  i  (airway  occlusion  pressure  measured  0.1  s  after  the  onset  of  inspiratory  effort)  control  mode.  V^ 
ventilation.  (Adapted  from  Reference  68.) 
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gets  for  P(|  I  and  V.^  corresponds  to  a  point  that  falls  in  one 
of  4  quadrants.  In  2  quadrants  the  commands  from  the 
basic  controllers  are  consistent:  "Increase  pressure  sup- 
port" in  quadrant  1.  and  "Decrease  pressure  support"  in 
quadrant  IV,  On  the  contrary,  in  the  other  2  quadrants  the 
commands  are  conflicting:  w  hile  one  controller  dictates  an 
increase  in  pressure  support,  the  other  controller  dictates  a 
decrease.  These  conflicts  in  decision-making  are  solved  by 
assigning  priorities  in  the  merged  controller.  The  P,, ,  con- 
troller has  priority  in  quadrant  11.  v\hereas  the  V  ,^  control- 
ler has  priority  in  quadrant  111.  which  results  in  an  "In- 
crease pressure  support"  command  for  both  quadrant  II 
and  III.  Pressure  support  changes  are  limited  to  a  ma.\i- 
mum  of  ±  1  cm  H-,0  per  breath.  Table  3  summarizes  the 
clinical  meaning  of  each  quadrant  and  the  corresponding 
action  undertaken  by  the  merged  controller. 

lotti  et  al  demonstrated  the  ability  of  the  P,, ,  controller 
to  achieve  and  maintain  P„  ,  at  a  desired  level  (in  a  range 
between  1.5  and  4.5  cm  H;©)."**  in  the  same  study,  the  V^ 
controller  was  shown  to  prevent  hypoventilation,  guaran- 
teeing the  desired  minimum  V.^  values.  These  results  sug- 
gest that  the  combined  P^a^ a  controller  is  effective  for  a 
simultaneous,  but  partly  independent,  manipulation  of  in- 
spiratory effort  and  ventilatory  pattern. 

The  user-set  target  values  for  P^  ,  and  V^  are  critical  for 
the  successful  application  of  this  technique.  If  the  V^  con- 
troller is  set  at  the  minimum  possible  setting,  the  P,, , 
controller  will  have  priority,  while  the  V^  controller  serves 
as  a  backup.  In  that  situation  Pg j  might  be  set  at  2.0  cm 
H;0  in  an  effort  to  achieve  respiratory  muscle  rest  without 
inhibiting  spontaneous  breathing.  With  a  fairly  high  P,, , 
target  (eg,  3.5  cm  H^O)  the  clinician  can  evaluate  the 
patient's  ability  to  tolerate  supranormal  respiratory  activ- 
ity, while  avoiding  excessive  work  load  and  the  risk  of 
substantial  hypoventilation.  With  respect  to  the  V^  con- 
troller, the  higher  the  V^  target  the  tighter  the  control  of 


ventilatory  pattern  will  become.  The  P,, ,  controller  will 
still  be  present  in  the  background  to  prevent  excessive 
WOB. 

Therefore,  depending  on  the  settings  of  the  targets  for 
P„  I  and  V  .■^.  the  P,, ,  control  mode  may  work  mainly  as  a 
stabilizer  of  spontaneous  respiratory  activity  simulta- 
neously protecting  from  excessively  low  Vj,  or  as  a  sta- 
bilizer of  Vj  (and  hence  respiratory  rate)  simultaneously 
protecting  from  excessive  WOB.  The  main  use  of  the  Pq  i 
control  mode  is  automatic  compensation  for  changes  in 
those  factors  that  influence  the  inspiratory  work  load,  such 
as  respiratory  system  impedance,  metabolic  rate,  carbon 
dioxide  exchange  efficiency,  and  the  metabolic  side  of 
acid-base  balance.  Through  different  pathways,  all  those 
elements  influence  the  respiratory  centers  and  thus  their 
output  as  expressed  by  P^, ,. 

An  example  of  the  ability  of  the  P„  ,  control  mode  to 
compensate  for  changes  in  the  respiratory  work  load  is 
provided  by  a  clinical  study  on  the  mechanical  effects  of 
heat  and  moisture  exchangers. ^'^  lotti  et  al  compared  the 
effects  of  3  humidification  devices  (each  with  different 
dead  space  and  resistance)  on  ventilatory  pattern  and  func- 
tion of  the  P(j  I  controller.  They  had  patients  breathe  on  the 
ventilator  using  a  heated  humidifier,  a  high-dead-space, 
high-resistance  heat  and  moisture  exchanger  filter,  and  a 
low-dead-space,  low-resistance  heat  and  moisture  ex- 
changer. The  controller  maintained  the  Pf, ,  target  despite 
changes  in  ventilatory  demand  caused  by  changes  in  dead 
space  or  resistance.  Figure  15  shows  the  cour.se  of  Pq  i  in 
one  reported  case.  That  research  demonstrates  the  key  ad- 
vantage of  closed-loop  control,  which  is  automatic  adjust- 
ment, without  clinician  intervention,  for  alterations  in  pa- 
tient condition.  Surely  those  subtle  changes  might  go 
unrecognized  by  the  bedside  clinician  until  more  serious 
consequences  were  present. 


Table  3.       Clinical  Meaning  of  the  Quadrants  in  the  P,,  ,/V^  Ventilation  Control  System 


Quadrant 


Meaning 


Clinical  Context 


Action 


I 


Low  tidal  volume  despite  high  inspiratory  activity 
High  inspiratory  activity  despite  high  tidal  volume 


High  respiratory  system  Impedance 

Low  efficiency  of  carbon  dioxide  elimination 

Increased  metabolic  demand 

Metabolic  acidosis 

Central  neurological  disorders 


Increase  pressure  support 
Increase  pressure  support 


III  Lack  of  adequate  inspiratory  activity  despite  low 

tidal  volume 


Anesthesia 

Fatigue 

Neuromuscular  disease 


Increase  pressure  support 


IV 


High  tidal  volume  at  low  inspiratory  activity 


Excess  of  pressure  support 


Decrease  pressure  support 


Po  1  =  airway  occlusion  pres^u^e  measured  0. 1  second  after  (he  onset  of  inspiratory  effort. 
V.  =  alveolar  ventitalion. 
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Limitations  of  the  P„  ,  control  mode  include  unneces- 
sary increases  in  pressure  support  level  in  the  presence  of 
coughing.  Coughing  is  associated  with  high  P,,  i  values, 
which  would  cause  the  conlroller  to  increase  pressure  sup- 
port. Another  limit  of  the  Pg  i  control  mode  is  that  it  can- 
not truly  control  alveolar  ventilation.  Mandatory  breaths 
are  not  allowed  and  all  breaths  are  pressure  breaths.  The 
Pq  1  controller  can  prevent  small,  ineffective  V-p,  but  hy- 
poventilation may  result  from  a  low  respiratory  rate.  Safe 
use  of  the  P,, ,  control  mode  requires  strict  ventilation 
monitoring  and  an  apnea  backup  ventilation  mode.  That 
system  is  not  currently  a  commercial  product,  but  contin- 
ues to  evolve  under  the  direction  of  Dr  lotti. 

Knowledge-Based  System  for 
Automatic  Ventilatory  Management 

Dojat  et  al  have  described  a  closed-loop  mechanical 
ventilation  system  initially  known  as  NeoGanesh,^^  which 
uses  measurements  of  patient  respiratory  frequency,  V-j-, 
and  P^.co,  'o  control  PSV.  Unlike  previously  described 
dual  control  modes,  the  NeoGanesh  system  uses  several 
inputs  in  an  effort  to  maintain  patient  comfort  in  a  defined 
respiratory  frequency  range.  This  system  adjusts  pressure 
support  to  maintain  patient  respiratory  frequency  between 
12  and  28  breaths/min,  Vj  above  a  minimum  clinician-set 
threshold  (250-300  mL),  and  P,  ,co,  below  a  clinician-set 
threshold  (55  mm  Hg  for  normals,  65  mm  Hg  for  patients 
with  chronic  obstructive  lung  disease).  Additionally,  if  ven- 
tilation remains  within  the  prescribed  range  for  a  prede- 
termined period,  the  system  automatically  reduces  the  pres- 
sure support  setting  in  an  effort  to  facilitate  weaning. 

In  an  initial  trial  of  19  patients.  Dojat  et  al  found  that  the 
system  was  effective  at  maintaining  patient  respiratory  fre- 
quency in  the  prescribed  range  for  up  to  24  hours. ^-  They 
studied  patients  who  were  classified  as  weanable  and  un- 
weanable  based  on  weaning  predictors.  The  weanable  pa- 
tients remained  in  the  prescribed  "comfort  range"  for  95% 
of  the  duration  of  ventilation  and  the  unweanable  patients 
for  72%  of  the  duration  of  ventilation.  These  initial  results 
indicated  success  with  this  technique.  In  a  follow-up  study, 
the  same  investigators  studied  the  system's  ability  to  pre- 
dict weaning  success,  compared  to  conventional  weaning 
techniques.'^  They  found  that  the  knowledge-based  sys- 
tem had  a  positive  predictive  value  of  89%,  compared  to 
77%  for  conventional  weaning. 

More  recently  Dojat  et  al  studied  their  closed-loop  pres- 
sure support  mode  in  10  patients  requiring  PSV.'**  The 
mode  was  implemented  using  a  modified  Hamilton  Veolar 
ventilator  that  continuously  monitored  patient  respiratory 
frequency.  V^,  and  airway  pressures.  A  stand-alone,  main- 
stream carbon  dioxide  monitor  measured  P,  .co  •  ^^^  ^'^^'^ 
were  sampled  every  10  seconds  and  averaged  over  a  2-min 
period. 


The  principle  of  control  was  to  maintain  ventilation 
within  an  "acceptable  range"  by  automatic  adjustments  of 
pressure  support.  Acceptable  ventilation  was  defined  as 
a  respiratory  frequency  between  12  and  28  breaths/min, 
a  V-r  >  250  mL  (>  300  mL  in  patients  >  50  kg),  and 
PftCO,  <  55  mm  Hg  (<  65  mm  Hg  in  COPD  patients).  If 
respiratory  frequency  was  28-35  breaths/min  and  V^  and 
Petco,  were  in  acceptable  ranges,  the  breathing  pattern 
was  denoted  as  "intermediate  respiratory  rate"  and  pres- 
sure support  was  increased  by  2  cm  H^O.  If  frequency  was 
>  35  breaths/min.  the  pattern  was  denoted  as  "high  respi- 
ratory rate"  and  pressure  support  was  increased  by  4  cm 
HoO.  If  frequency  was  <  12  breaths/min,  the  pattern  was 
denoted  as  "low  respiratory  rate"  and  the  pressure  support 
was  reduced  by  4  cm  H^O.  If  Vj  was  low  (<  250  mL)  or 
Pnco,  was  high,  pressure  support  was  increased  by  2  cm 
HjO.  Apnea  caused  the  ventilator  to  revert  to  assist/control 
ventilation. 

Additionally,  if  the  ventilation  was  acceptable  for  the 
preceding  30  min  and  PSV  was  <  15  cm  H^O,  pressure 
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Fig.  15.  Time  course  of  Pqi  (airway  occlusion  pressure  measured 
0.1  8  after  the  onset  of  inspiratory  effort)  and  pressure  support  ven- 
tilation (PSV)  level  dunng  application  of  the  Po ,  control  mode  in  an 
exemplifying  patient  included  in  a  study  on  the  mechanical  effects  of 
heat  and  moisture  exchangers  (HME).  Between  the  ventilator  circuit 
Y-piece  and  the  endotracheal  tube  was  placed  a  high-resistance 
high-volume  HME  filter  (HMEF).  then  a  low-volume  low-resistance 
HME,  and  finally  a  simple  catheter  mount  (control).  Despite  the  major 
changes  in  total  work  load  of  ventilation,  the  controller  maintained  a 
stable  Pq  ,  at  the  target  of  2  cm  H2O  by  automatically  adapting  the 
pressure  support  level.  (From  Reference  75,  with  permission.) 
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Fig.  16.  Contributions  to  unacceptable  ventilation  of  intermediate  respiratory  rate  (RR  28-35  breaths/min),  high  RR  (,•  35  breaths/min),  low 
RR  (<  1 2  breaths/min),  low  tidal  volume  (Vj)  (<  250  ml  or  <  300  mL,  depending  on  patient  weight),  and  high  end-tidal  carbon  dioxide  {>  55 
mm  Hg  for  normals  or  >  65  mm  Hg  for  chronic  obstructive  pulmonary  disease)  during  24  hours  of  standard  pressure-support  ventilation 
in  10  study  patients.  With  standard  pressure-support  ventilation,  unacceptable  ventilation  represented  36%  of  the  total  ventilation  duration 
in  this  mode,  of  which  24%  was  spent  with  critical  ventilation.  (From  Reference  78,  with  permission.) 


support  was  reduced  by  2  cm  H^O.  If  ventilation  was 
stable  for  60  min  and  PSV  was  >  15  cm  H^O,  pressure 
support  was  reduced  by  4  cm  H2O.  The  system  tolerates 
transient  instabilities  of  2-4  min.  depending  on  the  PSV 
level.  Tachypnea  or  inadequate  ventilation  lasting  longer 
than  2  min  caused  PSV  to  be  increased  by  2  cm  H^O  if 
PSV  was  <  15  cm  HjO  or  by  4  cm  H,0  if  PSV  >  15  cm 
H2O.  If  3  consecutive  periods  of  observation  failed  to 
result  in  "adequate  ventilation"  despite  changes  in  PSV. 
the  ventilator  displayed  a  message.  When  PSV  had  been 
<  10  cm  HiO  for  2  hours  and  ventilation  had  been  stable, 
the  ventilator  displayed  a  message  suggesting  a  spontane- 
ous breathing  trial  and  discontinuation  from  mechanical 
ventilation. 

In  this  most  recent  study,  the  closed-loop  pressure  sup- 
port mode  was  compared  to  conventional  pressure  support 
in  a  group  of  10  patients.  Dojat  et  al  found  that  closed-loop 
PSV  resulted  in  a  longer  period  spent  during  acceptable 
ventilation  and  a  shorter  time  period  spent  in  critical  ven- 
tilation. The  mean  time  in  acceptable  ventilation  was  66% 
for  conventional  PSV  and  93%  for  closed-loop  PSV.  Fig- 
ures 16  and  17  depict  the  periods  of  inadequate  ventilation 
during  the  study,  broken  down  by  high  respiratory  rate, 
intermediate  respiratory  rate,  low  respiratory  rate,  low  Vj. 
and  high  Petco,- 

This  type  of  ventilatory  support  is  attractive,  as  the  pre- 
defined ranges  could  be  pre-set  by  the  clinician  for  each 
patient.  The  study  also  confirms  the  hypothesis  that  closed- 
loop  control  of  ventilation  can  respond  to  changes  in  al- 


terations in  patient  condition  more  quickly  than  conven- 
tional support. 

Limitations  include  the  inability  to  deliver  mandatory 
breaths  and  the  dependence  on  accurate  measurement  of 
respiratory  frequency.  As  discussed  previously,  increasing 
levels  of  pressure  support  in  a  COPD  patient  can  lead  to 
worsening  auto-PEEP.  air-trapping,  and  missed  trig- 
gers.----*  A  system  to  assure  accurate  monitoring  of  re- 
spiratory rate  will  be  critical  to  the  success  of  this  tech- 
nique. 

Fuzzy  Logic  Control  of  Mechanical  Ventilation 

Fuzzy  logic  was.  perhaps  quite  appropriately,  developed 
during  the  1960s.^''  The  use  of  fuzzy  logic  is  new  to  me- 
chanical ventilation,*"  *''  but  fuzzy  logic  has  been  success- 
fully used  in  a  multitude  of  other  applications.  Fuzzy  logic 
seeks  to  control  mechanical  \entilation  by  classifying  tar- 
get variables  in  a  fashion  that  mirrors  our  own  subjective 
evaluation  of  those  variables.  As  an  example,  instead  of 
selecting  a  PfTco,  target  of  60  mm  Hg,  a  fuzzy  logic  al- 
gorithm considers  a  range  of  Pt;Tco,  values,  as  well  as 
information  regarding  the  direction  of  change  in  P,  ,<:o  • 

The  following  discussion  relies  heavily  on  the  research 
of  Bates  et  al,*"  and  readers  are  referred  to  that  publication 
for  a  more  complete  review. 

The  process  of  fuzzy  logic  control  requires  identifica- 
tion of  key  variables  and  "fuzzification"  of  those  variables 
to  emulate  our  own  thought  process.  Using  P.,co,  ^^  an 
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Fig.  17.  Contributions  to  unacceptable  ventilation  of  intermediate  respiratory  rate  (RR  28-35  breaths/min),  high  RR  (>  35  breaths/min),  low 
RR  (<  12  breaths/min).  low  tidal  volume  (V^  <  250  mL  or  <  300  mL,  based  on  patient  weight),  and  high  end-tidal  carbon  dioxide  (P„co,  > 
55  mm  Hg  for  normals  or  >  65  mm  Hg  for  chronic  obstructive  pulmonary  disease)  during  24  hours  of  automatic  pressure-support  ventilation 
in  10  study  patients.  With  standard  pressure-support  ventilation,  unacceptable  ventilation  represented  9%  of  the  total  ventilation  duration 
in  this  mode,  of  which  5%  was  spent  with  cntical  ventilation.  (From  Reference  78.  with  permission.) 


example,  we  can  say  that  a  P;,co,  of  45  mm  Hg  is  normal. 
We  might  then  agree  that  a  P^co,  of  50  mm  Hg  is  high. 
Between  45  and  50  mm  Hg  the  distinctions  of  normal  and 
high  are  less  obvious  (fuzzy).  Fuzzification  requires  as- 
signing each  P^co,  ^  variable  level  of  membership  (Fig. 
18).  The  level  of  membership  is  1.0  when  it  is  certain  that 
the  Paco,  is  high  (>  50  mm  Hg)  and  0  when  it  is  certain 
that  the  P^cq,  is  not  high  (<  45  mm  Hg).  As  R.^o,  falls 
below  50  mm  Hg.  it  has  an  increasing  likelihood  of  being 
normal,  until  reaching  45  mm  Hg,  where  it  is  normal.  The 
range  of  normal  extends  down  to  40  mm  Hg,  after  which 
Paco,  is  decreasing  toward  low  (<  35  mm  Hg).  This  al- 
lows the  fuzzy  set  normal  to  be  defined  as  a  membership 
level  of  1 .0  for  a  P^co,  between  40  and  45  mm  Hg,  and  a 
third  fuzzy  set,  Idw  (membership  level  of  1 .0),  when  P^co, 
is  <  35  mm  Hg.  Between  normal  and  low  is  an  area  with 
a  membership  from  0  to  1.0  (<  40  but  >  35  mm  Hg)  that 
allows  for  an  area  of  uncertainty  [possibly  normal  or  [his- 
sibly  low).  It  is  a  unique  aspect  of  fuzzy  logic  that  the  sets 
overlap. 

The  bottom  of  Figure  18  illustrates  fuzzification  of  an- 
other important  variable  for  fuzzy  logic  control — the  rel- 
ative change  in  the  variable  of  interest,  which  in  this  case 
is  the  change  in  P^^o,-  If  Paco,  has  remained  ±  2  mm  Hg 
over  the  last  hour,  then  a  membership  level  of  1 .0  is  given 
to  a  set  known  as  stable.  Fuzzy  sets  for  increasing  and 
decreasing  are  then  defined  with  area  of  certainty  (mem- 
bership level  of  1.0,  where  Paco,  is  definitely  increasing  or 
decreasing)  and  areas  of  luicertainty  (membership  level 


between  0  and  1 .0,  where  P^co,  might  be  considered  stable 
or  might  be  increasing  or  decreasing). 

After  defining  fuzzy  sets,  the  process  of  fuzzification 
results  in  variables  that  are  fuzzified,  and  rule  tables  are 
designed.  Combining  P^co,  with  change-in-P,,co,  places 
each  pair  into  finite  memberships.  As  an  example,  looking 
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Fig.  1 8.  Example  fuzzification  of  Pacoj  and  change  in  Paco?  (^Paco?)- 
The  range  of  each  quantity  is  divided  into  3  overlapping  fuzzy  sets 
(low.  normal,  and  high,  and  decreasing,  stable,  and  increasing). 
The  vertical  dashed  lines  indicate  example  measurements  of  Paco; 
and  APacon.  giving  set  memberships  of  0.4  in  low.  0.6  in  normal, 
and  0.5  in  stable.  (From  Reference  80,  with  permission.) 
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Table  4. 

Rule 

Table  lor  Any 

Pair 

of 

Fuzzy  Set  Men 

bersli 

ips 

Change  in 

PaCO; 

"aCOj 

Low 

Normal 

High 

Decreasing 

Stable 

Increasing 


Decrease  a  lot 
Decrease  a  bit 
Maintain 


Decrease  a  bit 
Maintain 
Increase  a  bit 


Maintain 
Increase  a  bit 
Increase  a  lol 


(Adapted  from  Reference  80.) 


at  Figure  18,  if  P.,co,  '^  3^  mi"  Hg  and  tlie  change  in  Pgco, 
is  -2  mm  Hg  over  the  last  hour,  then  the  value  is  recog- 
nized to  be  ■"low  and  decreasing."  Other  combinations  of 
pairs  are  of  course  possible  for  any  set  of  variables.  Once 
the  variables  are  defined,  the  appropriate  action  to  be  taken 
must  be  designed.  As  with  the  definition  of  variables  (low, 
normal,  high)  the  changes  are  defined  using  intuitive  no- 
tions. If  Pjco,  's  normal  and  has  remained  constant,  then 
the  action  is  no  change  (maintain  current  W^^  ).  If  P;,co,  is 
high  and  increasing,  the  action  is  to  increase  V^  by  "a  lot." 
If  Paco,  is  high  but  stable,  the  action  is  to  increase  Vj,  by 
"a  bit."  Table  4  represents  the  possible  actions  for  each 
pair  of  fuzzy  sets,  as  defined  by  Bates  et  al.*" 

Of  course,  "a  lot,"  "a  bit,"  and  "maintain"  must  also  be 
defined,  and  fuzzy  sets  are  used  for  that  task  as  well. 
Figure  19  defines  the  Vg  changes  per  kilogram  per  minute 
using  the  fuzzy  sets  "decrease  a  lot."  "decrease  a  bit." 
"maintain,"  "increase  a  bit,"  and  "increase  a  lot."  These 
sets  may  not  be  agreed  on  by  all  experts,  but  one  power  of 
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Fig.  19.  Example  of  tuzziflcatlon  of  minute  ventilation  Into  5  over- 
lapping fuzzy  sets  (decrease  a  lot,  decrease  a  bit,  maintain,  in- 
crease a  bit.  and  increase  a  lot).  The  hatched  area  indicates  weight- 
ings of  the  various  sets  (in  this  case  Pace,  is  0-'* '"  'o^  ^""^  ^-^  '"^ 
normal,  and  change  in  Paco,  is  0-5  in  decreasing  and  0.5  in  stable) 
and  calculation  of  the  action  to  be  taken.  The  centroid  of  that  area 
(arrow)  is  the  final  "crisp"  (ie,  not  fuzzy)  control  that  is  applied  to 
the  patient.  AV^  =  change  in  minute  volume.  (From  Reference  80, 
with  permission.) 
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Fig.  20.  Structure  of  the  fuzzy  logic  algorithm  for  controlling  pres- 
sure-support ventilation  in  patients  with  chronic  obstructive  pul- 
monary disease.  Tidal  volume  (Vj).  heart  rate  (HR),  respiratory  rate 
(RR),  arterial  oxygen  saturation  (S^oJ.  change  in  respiratory  rate 
(ARR),  and  change  in  arterial  oxygen  saturation  (AS-jq,)  are  fuzzi- 
fied  into  the  fuzzy  sets  indicated  (eg,  very  low,  low,  slightly  low, 
OK).  Those  lead  through  rule  tables  to  classifications  of  patient 
condition  and  trend.  Another  rule  table  then  takes  condition  and 
trend  fuzzy-set  determinations  into  a  final  chsp  recommendation 
for  a  percentage  change  in  pressure-support  level  (%  PSV  change). 
(From  Reference  82,  with  permission.) 


fuzzy  logic  is  that  the  clinician  can  choose  his  or  her  own 
definitions  for  V^  changes. 

This  is  a  simplified  explanation,  but  fuzzy  logic  allows  the 
ventilator  to  U'anslate  precise  measurements  of  P^co,  ^"^ 
change-in-P^co,  into  a  precise  change  in  V^.  The  nuances  of 
fuzzy  logic  allow  the  algorithm  to  be  executed  in  a  fashion 
similar  to  our  own  thinking,  without  writing  a  complex  for- 
mula that  defines  the  relationship  between  the  variables. 

Nemoto  et  al**-  designed  a  fuzzy  logic  algorithm  to  con- 
trol PSV  using  the  variables  heart  rate,  Spo,  (oxygen  sat- 
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Fig.  21 .  Schematic  of  the  neurally-adjusfed  ventilatory  assist  sys- 
tem and  placement  of  the  nasogastric  tube.  (From  Reference  92, 
with  permission.) 
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Fig.  22.  A:  Conventional  airway  pressure-triggering.  Mechanical  ventilatory  assistance  starts  when  airway  pressure  decreases  by  a  pre-set 
amount.  The  onset  of  inspiratory  effort  precedes  the  onset  of  inspiratory  flow.  That  delay  is  due  to  intrinsic  positive  end-expiratory  pressure 
and  occurs  despite  externally  applied  positive  end-expiratory  pressure.  There  is  an  additional  delay  between  the  onset  of  inspiratory  flow 
and  the  rise  in  positive  airway  pressure,  because  of  the  mechanical  limitation  of  the  airway  trigger.  B:  Neural  tnggering.  The  ventilator 
provides  support  as  soon  as  the  diaphragmatic  electrical  activity  exceeds  a  threshold  level.  The  delay  between  onset  of  inspiratory  flow  and 
increase  in  airway  pressure  is  almost  eliminated.  C:  Poor  patient/ventilator  interaction  with  conventional  pressure-triggering.  Diaphragmatic 
electhcal  activity  is  poorly  coordinated  with  the  mechanical  ventilatory  support  (indicated  by  increased  airway  pressure)  and  often  results 
in  completely  wasted  inspiratory  efforts  (arrows).  D:  Implementation  of  neural  triggering  (same  patient  with  identical  ventilatory  settings  as 
in  part  C,  except  for  trigger  system)  restores  the  interaction  between  the  patient's  neural  drive  and  the  ventilatory  support.  P^^  =  airway 
pressure.  Pes  =  esophageal  pressure,  a.u.  =  arbitrary  units. 


uration  measured  via  pulse  oximetry),  V^,  and  respiratory 
rate.  Each  variable  is  assigned  a  condition  having  4  cate- 
gories: poor,  questionable,  moderate,  and  good.  Figure  20 
depicts  the  structure  of  the  fuzzy  logic  algorithm. 

Nemoto  et  al  reported  a  retrospective  trial  of  their  fuzzy 
logic  algorithm.  They  reviewed  data  from  the  charts  of  13 
COPD  patients  and  input  the  data  into  the  algorithm,  then 
compared  what  the  algorithm  suggested  to  what  had  been 
done  clinically.  They  found  that  the  algorithm  was  in  agree- 
ment with  what  was  actually  done  in  a  majority  of  cases. 
When  there  was  disagreement,  the  difference  in  pressure 
support  setting  was  usually  <  2  cm  H^O. 

Fuzzy  logic  certainly  has  the  possibility  of  assisting 
clinicians  by  responding  to  changes  in  patient  condition 
without  clinician  intervention.  The  future  of  fuzzy  logic  in 
mechanical  ventilation  remains  to  be  seen. 

Neurally  Adjusted  Ventilatory  Assist 

Triggering  of  the  mechanical  ventilator  has  been  a 
subject  of  intense  investigation  over  the  last  decade, 
with  the  introduction  of  flow-triggering,  leak  compen- 
sation, and  inotion-based  triggering. **■*'"  More  recently, 
Sinderby  ct  al  introduced  the  concept  of  neurally-ad- 


justed  ventilatory  assist.'-  The  name  is  a  little  deceiv- 
ing, because  the  trigger  signal  is  actually  diaphragmatic 
electrical  activity. 

This  technique  uses  a  specially  designed  esophageal  or 
nasogastric  catheter  that  contains  9  pairs  of  bipolar  elec- 
trodes (Fig.  21 ).  The  signal  for  triggering  the  ventilator  is 
a  threshold  of  diaphragmatic  electrical  activity.  This  tech- 
nique requires  that  the  phrenic  nerve  and  neuromuscular 
junction  are  intact  and  that  the  diaphragm  is  the  primary 
muscle  of  respiration. 

Conceptually,  this  technique  moves  the  trigger  signal  closer 
to  its  origin,  the  respiratory  control  center  (Fig.  22).  Advan- 
tages of  the  technique  are  numerous.  Since  the  trigger  signal 
is  muscular,  it  would  overcome  triggering  ditficulties  due  to 
auto-PEEP  and  air  leaks.  In  noninvasive  \'entilation,  neurally- 
adjusted  ventilatory  assist  might  prove  revolutionary  in  min- 
imizing problems  with  mask  fit  and  excessive  leaks. 

Limitations  include  inability  of  the  signal  processor  to 
distinguish  between  inspiration  and  other  diaphragmatic 
contraction  (eg,  defecation),  malposition  of  electrodes,  and 
requirement  for  redundant  systems  for  safety.  Of  course, 
implementation  of  this  concept  into  a  ventilator  and  the 
subsequent  clinical  testing  will  be  expensive  and  time- 
consuming. 
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Summary 

Closed-loop  niechan  ical  venti  lation  encompasses  a  pleth- 
ora of  techniques,  ranging  from  the  very  simple  to  the 
relati\ely  complex.  In  the  simplest  form,  closed-loop  ven- 
tilation is  the  control  of  one  output  variable  of  the  me- 
chanical \enlilator  based  on  the  measurement  of  an  input 
variable.  An  example  vsould  be  pressure  support  ventila- 
tion, in  which  flow  (output)  is  constantly  changing  to  main- 
tain pressure  (input)  constant  throughout  inspiration.  More 
complex  forms  of  closed-knip  ventilation  involve  mea- 
surement of  multiple  inputs  (eg.  compliance,  oxygen  sat- 
uration. respiratoiT  rate)  to  control  multiple  outputs  (eg.  ven- 
tilator frequency,  ainvay  pressure,  tidal  volume).  The  latter 
type  of  control  more  closely  mimics  the  ventilatory  control 
and  response  of  human  physiology.  This  review  discussed 
both  currently  available  closed-loop  ventilation  techniques 
and  those  only  available  outside  the  United  States,  along  with 
some  cutting-edge  techniques  that  have  only  limited  u.se.  The 
operation,  theoretical  ad\  antages.  and  limitations  of  each  tech- 
nique were  reviewed.  The  literature  supporting  or  refuting 
each  technique  was  reviewed,  but.  unfortunately,  little  has 
been  published  on  certain  techniques. 
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Discussion 

Sanborn:*  Having  some  experience 
with  Sinderby's  work.'-  and  analyz- 
ing the  data,  plus  having  some  of  the 
data  like  you  do,  I  think  it's  a  little 
aggressive  to  say  that  it's  "neurally- 
controlled"  ventilation.  The  dia- 
phragm must  be  contracting  for  the 
electrodes  to  pick  up  the  signal.  The 
phrenic  nerve  is  not  the  source  of 
the  information:  it's  only  the  pathway 
by  which  the  information  gets  from 
the  brain  to  the  diaphragm — but  it's 
the  diaphragm  signal  that's  control- 
ling— that  is,  generating  the  electrical 
signal  from  which  ventilator  control 
is  possible. 
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contractions  at  various  inspiratory  flows.  J 
AppI  Physiol  1998;85:451-458. 
2.  Beck  J.  Gottfried  SB.  Navalesi  P,  Skrobik 
Y.  Comtois  N.  Electrical  activity  of  the  di- 
aphragm during  pressure  support  ventilation 
in  acute  respiratory  failure.  Am  J  Respir  Crit 
Care  Med  2001:164:419^24. 

Branson:  I  agree.  I'm  sorry  if  I 
didn't  make  that  clear.  That's  why 
there  are  problems  if  any  expiratory 
activity  is  sensed  by  the  signal.  The 
signal  senses  it  as  a  patient  effort,  when 
in  fact  it's  not.  So  I  hate  to  bring  that 
one  up,  but  a  patient  doing  a  Valsalva 
maneuver,  for  whatever  reason,  is  go- 
ing to  stimulate  the  diaphragm  and 
confuse  the  ventilator.  1  just  think  the 
technique  is  interesting  and  that  it 
could  eliminate  some  of  the  problems 
we  have  with  triggering.  But  certainly 
it  would  have  to  be  some  type  of 
closed-loop  control  that  would  con- 
sider not  only  the  trigger:  the  dia- 
phragm trigger  would  also  have  to  be 
compared  to  what's  happening  to  air- 
way pressure,  volume,  and  flow. 
Maybe  you  marry  it  with  proportional 
assist  ventilation  to  get  the  best  of  both 


worlds.  I'm  not  sure  how  easy  it  will 
be  to  deliver  a  tidal  volume  and  con- 
trol the  tidal  volume  once  you've 
gotten  the  trigger  from  the  diaphragm 
signal. 

Sanborn:  The  argument  that  Sinderby 
and  I  always  had  was  that  he  felt  the 
diaphragm  control  of  breathing  would 
become  a  standard  of  care,  and  at  one 
time  I  leaned  in  that  direction;  but  the 
question  is  whether  the  intensive  care 
community  would  be  w  iiling  to  change 
their  approach  to  ventilator  manage- 
ment, replace  a  gastric  tube  with  an 
instrumented  one  that  could  detect  the 
diaphragm  contraction,  or  start  out 
with  one  that  costs  more.  There's  a  lot 
of  beautiful  experimental  data,  but 
whether  diaphragm-controlled  venti- 
lation and  all  that  it  entails  can  work 
its  way  into  clinical  care  and  pay  for 
itself  is  another  issue. 

Branson:  I  think  there  are  those  of 
us  in\ olved  with  the  Bicore  group  who 
thought  people  wouldnl  mind  putting 
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in  nasogastric  tubes  and  catheters  to 
measure  the  wcnk  of  breathing.  We 
were  obviously  wrong  there,  since  you 
can't  buy  that  product  anymore. 

Hurford:  One  of  the  other  problems 
with  using  the  phrenic  nerve  as  the 
gold  standard,  if  you  will,  for  trigger- 
ing the  ventilator  is  that  quite  fre- 
quently its  function  is  abnormal  in  re- 
spiratory disease.  For  example,  there's 
good  animal  and  human  evidence  that 
postoperatively  the  phrenic  nerve  sig- 
nal is  abnormal  and  reduced  centrally, 
even  though  peripheral  transmission 
of  the  diaphragiTi  is  intact.  So,  if  cen- 
tral stimulation  is  abnormal,  you  can't 
use  it. 

Branson:  Is  that  in  cardiac  patients 
or  just  in  general? 

Hurford:  In  thoracotomy  patients 
and  in  sheep. '■- 
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Maclntyre:  One  of  the  problems 
I've  always  had  with  closed-loop  ven- 
tilation is  the  input — actually  measur- 
ing what  needs  to  be  measured.  A  clas- 
sic example  of  this  is  the  recovering 
patient,  where  you're  trying  to  set 
things  such  as  pressure  support.  Those 
of  us  who  were  involved  with  prepar- 
ing the  weaning  guidelines  (of  the 
American  College  of  Chest  Physicians 
and  the  AmericanAssociation  for  Re- 
spiratory Care)  can  attest  to  that.'  The 
variables  that  we  thought  were  appro- 
priate to  measure  during  spontaneous 
breathing  trials  and  setting  up  partial 
support  modes  were  things  that  I  find 
very  difficult  for  machines  to  mea- 


sure— things  like  comfort,  paradoxi- 
cal abdominal  motion,  accessory  mus- 
cle use,  diaphoresis,  and  patient 
complaints.  1  think  those  are  probably 
more  important  input  variables  for  set- 
ting ventilatory  modes,  at  least  partial 
support  modes,  than  the  tidal  volume 
or  frequency.  So  it's  always  been  a 
concern  to  me.  Volume  support  is  a 
classic  example  of  this.  When  you  set 
up  a  pressure  support  mode,  you  look 
at  respiratory  rate,  comfort,  accessory 
muscle  use,  and  other  things,  but  very 
rarely  does  tidal  volume  enter  into  your 
choice  of  what  the  pressure  support 
level  is  going  to  be.  And  yet  that's 
what  guides  volume  support.  1  think 
the  rate-limiting  step  for  closed-loop 
ventilation  is  going  to  be  better  input 
signals  into  the  processor. 
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Branson:  My  intention  was  to  say 
exactly  that.  There  are  so  many  con- 
founding variables,  I  don't  know  that 
it's  practical  to  create  a  closed-loop 
system  that  will  work  in  every  case 
for  every  patient,  depending  on  where 
you  are  in  the  phase  of  ventilation, 
whether  it's  weaning  or  initiation.  I 
think  volume  support  is  another  issue: 
I  didn't  talk  about  it  because  I  think 
we're  all  pretty  comfortable  with  it 
now.  but  if  the  patient  becomes  dia- 
phoretic and  takes  big  breaths,  the  ven- 
tilator interprets  that  as  improved  com- 
pliance and  decreases  the  pressure 
support,  which  may  be  the  last  thing 
we  want  it  to  do  at  that  time.  So  there 
certainly  are  possibilities  of  doing 
things  like  fuzzy  logic  to  marry  P,, , 
and  \j  in  a  mode  like  that  to  make  it 
more  successful. 


Curtis:  1  have  a  lot  of  skepticism 
about  these  closed  loops,  as  I  hear 
around  this  table  as  well.  Practicing  at 
tertiary  or  quaternary  hospitals  with 
therapists  trained  and  directed  by  Dr 
Pierson.  it's  hard  for  me  to  imagine  a 
closed-loop  system  is  going  to  get 
close  to  what  we  do  there  any  time 
soon.  But  traveling  to  rural  commu- 
nity hospitals  or  to  developing  coun- 
tries makes  me  wonder  if  closed-loop 
systems  have  the  potential  to  save 
lives  there.  When  you  think  about 
those  kinds  of  settings,  either  in  other 
countries  or  in  rural  communities, 
do  you  think  closed-loop  systems 
may  need  to  come  on  line  sooner 
than  we  would  use  them  in  our  hos- 
pitals because  of  the  benefit  they 
could  pro\  ide  there? 

Branson:  I  think  that's  exactly  right. 
You've  got  to  be  careful  when  you  go 
to  experts  about  their  opinions  about 
things.  The  word  "expert"  comes  from 
the  Latin  word  "ex"  for  "has  been," 
and  "spurt"  for  "drip  of  water  under 
pressure."  but  people  are  always  go- 
ing to  say.  "The  ventilator  is  not 
smarter  than  me.  What  can  the  venti- 
lator know  that  1  don't?"  But  in  the 
community  hospital,  where  80%  of 
care  occurs  in  the  United  States — 
where  after  5:00  pm  the  person  in 
the  hospital  most  skilled  in  mechan- 
ical ventilation  is  either  the  respira- 
tory therapist,  who  may  or  may  not 
even  be  on  the  evening  shift,  or  the 
emergency  medicine  physician. 
who's  in  the  emergency  room — there 
may  be  an  important  role  for  closed- 
loop  ventilation.  In  that  situation, 
having  a  \entilator  mode  (1  think 
adaptive  support  ventilation  is  one) 
that  picks  "safe"  targets  and  won't 
harm  the  patient  until  somebody  with 
expertise  can  get  there,  is  a  good 
idea.  I  think  it's  probably  better 
suited  for  the  comnumity  hospital 
than  it  is  the  tertiary  hospital,  but 
even  in  our  setting  the  ventilator  can 
respond  to  changes  more  quickly 
than  the  staff,  which  could  be  valu- 
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able  in  the  lean  staffing  days  facing 
us  now. 

Campbell:  You  pretty  mueh  said 
what  I  was  going  to  say,  but  to  give  an 
example  of  that.  VAPS  is  a  perfect 
example.  When  you  see  VAPS  extend- 
ing inspiratory  time  to  make  up  the 
tidal  volume,  that  means  the  patient  is 
not  being  ventilated  properly  and  you 
need  to  make  an  intervention.  So  1 
think  there's  a  big  difference  between 
that  and  what  Neil  Maclntyre  is  say- 
ing, which  is.  "I  can  look  at  the  pa- 
tient and  decide  where  to  set  the  ven- 
tilator perfectly."  The  thing  to  key  in 
on — and  the  best  part  about  closed- 
loop  ventilation.  I  think — is  that  it  can 
adapt  while  you're  not  there,  until  you 
get  there. 

Branson:  I  think  those  are  things 
we  have  to  look  at.  Too  often  we  think 
of  closed-loop  as  the  ventilator  taking 
care  of  everything.  More  aptly,  closed- 
loop  will,  within  a  certain  guideline 
that  you  set,  take  care  of  the  patient 
overnight,  just  as  you  would  if  you 
were  there.  1  don't  know  how  the  pa- 
tients are  getting  ventilated  at  Duke 
during  the  next  2  days,  but  it's  not 
because  Neil  is  there  watching  them. 
There  has  to  be  something  that  does 
what  we  would  all  do  if  we  could  be 
there  all  the  time. 

Sanborn:  I  think  you  probably  re- 
member that  in  the  late  lySOs  or  early 
1990s  Siever  and  Holtzman  at  Stan- 
ford University  were  doing  something 


called  "intelligent  decision  analysis."' 
Their  approach  was  based  on  physi- 
ology, pathophysiology,  and  probabil- 
ities, and  was,  in  my  view,  one  of  the 
most  elegant  theoretical  approaches; 
but  I  believe  it  collapsed  under  its  own 
weight.  If  we  could  ever  get  that  much 
information  (as  required  by  their  an- 
alytical model)  to  know  how  to  run 
their  probabilistic  algorithms.  ye)u 
could  do  the  kind  of  fuzzy  logic  that 
you  discussed,  and  maybe  come  up 
with  something.  But  we're  years  away 
from  knowing  that  much  data  about 
all  the  inputs. 

REFERENCE 

L  Seiver  A,  Holtzman  S.  Decision  analysis: 
a  framework  tor  critical  care  decision  as- 
sistance. Int  J  Clin  Monit  Comput  1989; 
6(3):137-156. 

Branson:  I  think  everybody  is  talk- 
ing about  the  success  of  the  ARDS 
Network,  but  that  is  just  a  protocol. 
Morris  and  East,  from  Salt  Lake  City, 
have  been  telling  us  for  years  that  if 
you  follow  the  protocol  the  patients 
will  do  better.'  Closed-loop  ventila- 
tion is  just  implementing  the  protocol 
into  the  ventilator  with  safety  param- 
eters that  you  select.  So  if  you  tell  the 
ventilator  "always  give  a  tidal  volume 
of  6  mL/kg,"  then  the  ventilator  makes 
the  manipulations,  and  if  it  detects 
auto-PEEP  it  shortens  the  inspiratory 
time  to  prevent  auto-PEEP.  Those  are 
things  that  yi)u  might  do  if  you  were 
there.  But  I  can't  spend  that  much  time 
in  the  intensive  care  unit.  You're  there 


when  the  patient's  critically  ill  ami  do- 
ing poorly,  and  when  he's  comfort- 
;ible  you  leave.  You  leave  it  to  the 
people  at  the  bedside,  who  have  many 
other  duties  as  well,  to  take  care  of 
them.  1  don't  see  these  things  as  being 
automatic  weaning.  None  of  the  things 
1  talked  about,  by  the  way.  had  to  do 
with  adjusting  PEEP  automatically, 
because  1  think  that  is  going  to  be  a 
really  difficult  one.  But  there  are  cer- 
tain things  that  can  be  done,  such  as 
keeping  respiratory  rate  within  a  com- 
fort range. 

When  I  spoke  with  Laurent  Bro- 
chard  at  the  last  meeting  on  closed- 
loop  ventilation,  he  said  his  group  is 
pretty  comfortable  with  their  tech- 
nique. They  think  it  can  be  imple- 
mented in  the  ventilator  now.  I  don't 
know  if  that's  necessarily  true — not 
in  a  ventilator  in  the  United  States 
probably — but  certainly  for  those 
things  that  keep  patients  comfortable 
within  a  range  that  you  can  set.  You 
can  set  the  high  pressure  limit  and  re- 
spiratory rate  so  they  never  go  above 
a  set  point,  and  then  if  the  ventilator 
can't  achieve  the  goals  you  set  within 
the  parameters  you've  allowed,  it  can 
give  a  message  that  someone  needs  to 
call  and  tell  you  that.  That's  where  I 
think  closed-loop  ventilation  would  be 
useful. 
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Summary 


Invasive  mechanical  ventilation  can  be  lifesaving  for  patients  with  acute  respiratory  failure,  but 
numerous  complications  have  been  identified.  Therefore,  once  clinical  improvement  has  occurred, 
emphasis  is  placed  on  quickly  weaning  (ie,  liberating)  the  patient  from  mechanical  ventilation. 
Weaning  can  be  subdivided  into  2  components:  readiness  testing  and  progressive  withdrawal. 
Traditionally,  both  clinical  factors  and  weaning  predictors  have  been  used  to  assess  readiness  for 
spontaneous  breathing  trials,  which  can  be  carried  out  using  a  T-piece  or  a  low  level  of  ventilatory 
support.  The  role  of  weaning  predictors  is  under  investigation,  and  their  role  in  clinical  decision 
making  remains  poorly  defined.  Recent  insights  into  the  pathophysiology  of  weaning  failure  have 
provided  a  framework  for  identifying  potentially  correctable  limiting  factors.  Randomized  con- 
trolled trials  suggest  that  several  approaches  to  progressive  withdrawal  may  be  acceptable,  though 
only  a  minority  of  patients  require  progressive  withdraMal.  Emerging  evidence  indicates  that 
protocol-directed  weaning,  driven  by  respiratory  therapists  and  intensive  care  nurses,  can  improve 
outcome.  Kex  words:  weaning,  mechanical  ventilation,  weaning  predictor,  weaning  protocol,  weaning 
failure,  pathophysiology,  pressure  support,  T-piece.     [Respir  Care  2002;47(4):454-466] 


Introduction 

Invasive  mechanical  ventilation  can  be  lifesaving  for 
patients  with  acute  respiratory  failure  ( ARF).  Unfortunately 
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mechanical  ventilation  is  also  associated  with  substantial 
risks,  including  ventilator-associated  pneumonia,  airway 
injury,  barotrauma,  gastrointestinal  bleeding,  and  throm- 
boembolism, and  some  of  those  complications  increase 
with  the  duration  of  intubation  and  may  increase  mortal- 
ity.'-' Once  the  patient  has  adequately  recovered,  efforts 
should  focus  on  "liberating"  the  patient  from  the  ventilator 
as  rapidly  as  possible.^'  The  method  of  liberation,  tradi- 
tionally known  as  "weaning,"  can  be  divided  into  2  dis- 
tinct phases:  readiness  testing  and  progressive  withdrawal. 
Readiness  testing  is  performed  by  allowing  the  patient  to 
breathe  spontaneously  (spontaneous  breathing  trial  or  SBT), 
without  assistance  (T-piece)  or  with  minimal  ventilatory 
support  (continuous  positive  airway  pressure  [CPAP]  or  a 
low  level  of  pressure  support).  Progressive  withdrawal  en- 
tails a  more  gradual  process,  in  which,  theoretically,  there 
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is  a  step-by-step  shifting  of  respiratory  work  from  the 
ventilator  to  the  patient.''  This  conceptual  framework,  first 
postulated  by  Hall  and  Wood.-*  has  been  validated  by  the 
results  of  recent  large,  randomized  controlled  trials,^  " 
which  found  that  approximately  75%  of  patients  who  sat- 
isfied readiness  criteria  (see  below)  tolerate  the  initial  SBT. 
Therefore,  the  niajority  of  patients  who  recover  from  an 
episode  of  ARF  do  not  require  a  gradual  process  of  with- 
drawal of  ventilatory  support  (ie,  weaning  is  not  necessary). 
Yet,  for  patients  requiring  progressive  withdrawal,  the  time 
devoted  to  weaning  can  be  substantial,  averaging  approxi- 
mately 40%  of  total  ventilator  time  (60%  for  patients  with 
clironic  obstructive  pulmonary  disease  [COPD]  ).'-■" 

Assessing  Readiness:  Clinical  Factors  and 
Weaning  Predictors 

Determining  patient  readiness  for  an  SBT  typically  com- 
bines a  subjective  assessment  of  recovery  from  ARF  and 
an  objective  assessment  of  both  clinical  factors  and  phys- 
iologic and  ventilation  variables  that  may  help  predict 
whether  the  patient  will  tolerate  the  SBT.  The  subjective 
criteria  are  not  well  defined  and  have  not  been  prospec- 
tively evaluated  in  a  randomized  controlled  trial.  In  fact, 
the  subjective  assessment  of  recovery  may  be  unneces- 
sary: a  strategy  of  daily  screening  using  only  objective 
criteria  safely  identified  patients  ready  for  initiation  of 
spontaneous  breathing.'  '^  Clinical  factors  have  been  used 
in  many  prospective  weaning  studies,^  "  but  the  actual 
criteria  and  threshold  values  have  not  been  tested  in  a 
randomized  controlled  trial.  Therefore,  not  all  the  criteria 
listed  in  Table  1  may  need  to  be  fulfilled  before  allowing 
the  patient  to  breathe  spontaneously. 

For  example,  Hebert  et  al  retrospectively  analyzed  the 
outcomes  of  7 1 3  ventilated  patients  randomized  to  either  a 
restrictive  blood  transfusion  strategy  (hemoglobin  main- 
tained between  7  and  9  g/dL)  or  a  liberal  approach  (he- 
moglobin maintained  between  10  and  12  g/dL)"  and  found 
no  difference  in  either  duration  of  mechanical  ventilation 
or  percentage  of  patients  successfully  weaned  and  extu- 
bated.  In  a  study  of  brain-injured  patients,  Coplin  et  al 
found  that  the  Glasgow  Coma  Scale  score  did  not  accu- 
rately predict  weaning  outcome;  the  majority  of  patients 
with  scores  <  8  were  successfully  weaned  and  extubat- 
ed.'"  The  findings  of  the  latter  2  studies  challenge  the 
traditional  view  that  hemoglobin  and  mental  status  must 
be  "corrected"  before  weaning  can  be  safely  initiated. 

Another  study  found  that  30%  of  patients  who  never 
satisfied  objective  screening  criteria  were  still  ultimately 
liberated  from  mechanical  ventilation."  Therefore  it  is 
likely  that  some  patients  satisfying  only  a  portion  of  the 
weaning  initiation  criteria  can  be  safely  weaned. 


Table  I.       Physiologic  and  Vcntilalion  Variables  Thai  Suggest 
Readiness  (o  Undergo  .Spontaneous  Breathing  Trials 

•  Puo,/F|o-  ^  ISO  or  S,„,  a  90%  on  F,,,,  £  40%,  with  PEEP  s  5  cm 
H,6* 

•  Stable  hemodynamics:  no  or  low-doset  vasopressor  medications* 

•  Mental  status  awake  and  alert  or  easily  arousahlc.  and  Glasgow 
Coma  Scale  score  >  1 1 

•  No  need  for  sedative  medications;  i)r  use  of  only  intermittent  {not 
continuous  infusion)  sedative  medications;  or.  if  on  continuous 
intravenous  sedation,  the  patient  must  be  awake  or  easily  arousable 

•  Hemoglobin  a  8-10  mg/dL 

•  Core  temperature  s  38-38.5°C 

•  Physiologic  measurements:  respiratory  frequency  s  35  breaths/min. 
spontaneous  unassisted  tidal  volume  >  5  mL/kg,  negative 
inspiratory  force  s  -20  to  -2.'i  cm  H,0 


PaoVFio,  =  ratio  of  arterial  partial  pressure  of  oxygen  lo  fraction  of  inspired  oxygen 

SjOi  =  artenal  oxygen  saturation 

PtiEP  -  positive  end-expiratory  pressure 

'Minimum  recommended  critena  for  determining  readiness  lo  undergo  spontaneous  breathing 

trials. 

tDopamine  £  5  jug/kg/min  or  dobulamine  s  5  ^g/kg/min 

Note:  Not  all  criteria  may  be  necessary  to  indicate  readiness  for  initiating  spontaneous 

breathing  trials.  Many  investigators  use  threshold  values  different  than  those  listed  above.  For 

example,  a  lower  Paoi/Fioi  leg.  ==  I -"I  may  be  more  suitable  for  patients  with  chronic 

hypoxemia.  Some  conditions  may  necessitate  higher  levels  of  PEEP  15-8  cm  HiO)  to  avoid 

atelectasis  during  mechanical  ventilation. 


The  desire  to  identify  and  apply  objective  physiologic 
and  ventilation  variables  that  predict  weaning  outcome  is 
based  on  several  considerations.  A  number  of  studies  in- 
dicate that  respiratory  muscle  fatigue  may  develop  during 
unsuccessful  weaning  or  failed  SBTs.  possibly  leading  to 
respiratory  muscle  injury  and.  ultimately,  prolonging  the 
duration  of  mechanical  ventilation."^  -^  Therefore  many 
experts  emphasize  the  importance  of  predicting  outcome, 
with  a  goal  of  avoiding  the  detrimental  consequences  of  a 
failed  weaning  trial.  On  the  other  hand,  accurate  predictors 
have  the  potential  to  rapidly  identify  patients  who  are  ready 
for  spontaneous  breathing,  thereby  accelerating  the  pro- 
cess of  liberation  from  mechanical  ventilation.  Prediction 
based  on  clinical  "gestalt"  alone  is  frequently  inaccurate. 
For  example,  intensivists  could  not  accurately  predict  pa- 
tient tolerance  of  a  1-hour  period  on  minimal  pressure 
support.-^  In  another  study,  critical  care  practitioners  (phy- 
sicians, nurses,  and  respiratory  therapists  [RTs])  failed  to 
accurately  forecast  3-day  and  7-day  weaning  outcome  for 
ventilated  medical  patients.-''  Thus,  there  is  a  sound  ratio- 
nale for  developing  objective  weaning  predictors  that  can 
be  applied  in  clinical  decision-making. 

The  extensive  literature  on  weaning  predictors  is  almost 
exclusively  observational,  and  recent  analyses  have  delin- 
eated many  limitations  to  their  application  to  weaning  de- 
cision-making (Table  2).-^-"*  A  large  number  of  predictors 
have  been  studied,  and  these  can  be  divided  into  simple 
indices  of  oxygenation  and  gas  exchange,  simple  measures 
of  load  and  capacity,  integrative  indices,  and  complex  mea- 


Respiratory  Care  •  April  2002  Vol  47  N(5  4 


455 


Weaning  from  Mechanical  Ventilation 


Table  2.       Factors  Limiting  the  Interpretation  of  Studies  of  Weaning 
Predictors 

•  Physiologic  and  ventilation  variables  used  a  priori  to  predict  which 
patients  will  undergo  spontaneous  breathing  trials 

•  Measurement  techniques  differ  from  study  to  study 

•  Large  coefficients  of  variations  for  measurements  made  by  different 
investigators 

•  Different  timing  of  measurements;  some  were  determined  on 
ventilator  support,  whereas  others  were  measured  off  support,  either 
prior  to  or  during  the  spontaneous  breathing  trial 

•  Physicians  not  blinded  to  the  variables  being  analyzed  as  possible 
predictors  (ie,  bias) 

•  Lack  of  objective  criteria  to  determine  tolerance  of  the  trial 


surements  requiring  special  equipment  (Fig.  1 ).  The  ratio 
of  breatiiing  frequency  to  tidal  volume  (f/V^,  sometimes 
referred  to  as  the  rapid  shallow  breathing  index)  has  been 
most  extensively  investigated.-''  Interest  in  that  predictor 
developed  after  Tobin  et  al  noted  that  a  pattern  of  rapid 
shallow  breathing  occurred  at  the  onset  of  a  T-piece  trial  in 
patients  destined  to  fail  weaning.'"  Subsequently,  in  a  pro- 
spective study,  Yang  and  Tobin  showed  that  fA'j  was 
more  accurate  than  conventionally  used  predictors.-''  Other 
studies  supported  the  notion  that  breathing  pattern  is  better 
at  predicting  outcome  of  weaning  trials  than  is  minute 
ventilation  (Vg),  negative  inspiratory  force,  oxygenation, 
or  compliance."-'''  The  fA'j  technique  is  independent  of 
patient  effort  and  is  determined  by  removing  the  patient 
from  ventilatory  support  and  measuring  Vg  for  1  min, 
using  a  spirometer;  the  respiratory  frequency  is  determined 
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Fig.  1 ,  Variables  used  to  predict  the  outcome  of  a  trial  of  discon- 
tinuation of  ventilatory  support  or  extubation.  F|Oj  =  fraction  of 
inspired  oxygen.  P^^o^  =  alveolar  partial  pressure  of  oxygen.  V^  = 
dead  space  volume.  Vy  =  tidal  volume.  CROP  =  compliance, 
rate,  oxygenation,  and  pressure  index.  lEQ  =  inspiratory  effort 
quotient.  V^  =  minute  volume.  MW  =--  maximum  voluntary  venti- 
lation. Cdyn.stat  =  dynamic  compliance  measured  under  static  con- 
ditions. R^s  =  resistance  of  the  respiratory  system.  NIF  =  negative 
inspiratory  force.  MIP  =  maximum  inspiratory  pressure,  f  =  breath- 
ing frequency.  Pq  ,  =  respiratory  drive  measured  by  mouth  occlu- 
sion pressure  0.1  s  after  the  onset  of  inspiratory  effort.  WOB  = 
work  of  breathing.  pHi  =  intramucosal  pH. 


by  physical  examination,  and  the  Vy  calculated  using  the 
equation  Vj  =  Vp/f.  Measurements  during  ventilatory  sup- 
port (ie,  pressure  support  or  CPAP)  have  not  been  exten- 
sively studied,  appear  to  be  less  accurate  and  may  under- 
estimate the  fA'j  when  the  digitally  displayed  respiratory 
rate  (which  fails  to  account  for  untriggered  respiratory 
efforts)  is  used  for  calculations. -'■^'*-35 

A  recent  comprehensive,  evidence-based-medicine  re- 
view found  that  most  weaning  predictors  fail  to  indicate 
significant  changefi  in  the  probability  of  weaning  success.-* 
Using  that  analysis,  an  expert  panel  sponsored  by  the  Amer- 
ican College  of  Chest  Physicians,  Society  of  Critical  Care 
Medicine,  and  the  American  Association  for  Respiratory 
Care  developed  evidence-based  weaning  guidelines  and 
noted  that  only  8  variables  had  some  predictive  capacity: 
Vg,  negative  inspiratory  force,  maximum  inspiratory  pres- 
sure (Pimax)'  V-r,  frequency,  fA'-p.  Pq  |/P|ma.x  <ratio  of  air- 
way occlusion  pressure  0. 1  s  after  the  onset  of  inspiratory 
effort  to  Pimax)'  and  CROP  (index  of  compliance,  rate, 
oxygenation,  and  pressure). '*'  Only  P,,  |/P|max  and  CROP 
were  associated  with  the  high  likelihood  ratios  that  trans- 
late into  significant  differences  in  the  probability  of  suc- 
cess, but  too  few  patients  have  been  studied  to  be  confi- 
dent in  the  value  of  those  tests.  Of  the  remaining  predictors, 
fA'j  (and  its  components)  were  most  accurate,  but  even 
fA'-j-  was  infrequently  associated  with  more  than  small  to 
moderate  differences  in  the  probability  of  success. 

In  addition,  the  effect  of  using  weaning  predictors  for 
clinical  decision-making  remains  ill  detlned.  One  objec- 
tive of  using  weaning  predictors  is  to  avoid  the  adverse 
consequences  of  failed  weaning  trials,  such  as  respiratory 
muscle  fatigue.  There  is  suggestive  clinical  evidence  that 
respiratory  muscle  fatigue  may  occur  in  some  patients  who 
fail  SBTs.'8-<'-23-2''.3v.38  In  normal  volunteers  subjected  to 
an  inspiratory  resistive  load,  the  resulting  diaphragmatic 
fatigue  can  take  >  24  hours  to  resolve,- '-'''  though  not  all 
studies  have  shown  that.-"'  If  insufficient  rest  is  provided 
prior  to  the  next  weaning  trial,  then  structural  injury  to  the 
respiratory  muscles  might  occur,  ultimately  hindering  the 
process  of  liberation.  Another  concern  is  that  diaphrag- 
matic fatigue  can  occur  well  in  advance  of  clinically  de- 
tectable task  failure  (ie,  reduction  in  diaphragmatic  con- 
tractility).-' The  incidence  of  respiratory  muscle  fatigue 
among  patients  failing  weaning  trials  (as  assessed  using 
state  of  the  art  techniques  such  as  transdiaphragmatic  twitch 
pressure)  is  unknown.-'-"  At  present  there  is  no  definitive 
evidence  that  a  carefully  monitored  failed  SBT  adversely 
affects  outcome.  In  a  preliminary  report  of  a  randomized 
trial  in  100  medical  patients  there  was  a  trend  toward 
longer  duration  of  mechanical  ventilation  among  patients 
in  whom  a  weaning  predictor  (f/Vj)  was  used  for  weaning 
decision-making. ■*-  In  addition.  Esteban  et  al  found  that  a 
T-piece  strategy  providing  24  hours  of  rest  between  trials 
(to  allow  for  recovery  from  possible  respiratory  muscle 
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fatigue)  offered  no  advantage  over  an  approach  that  used 
multiple  T-piece  trials  each  day.^ 

Therefore,  despite  reasonable  theoretical  arguments  and 
some  experimental  data,  there  is  little  patient  data  to  sup- 
port the  routine  use  of  physiologic  and  \entiiation  vari- 
ables to  predict  weaning  outcome.  The  best  approach  to 
ascertain  patient  readiness  for  liberation  from  mechanical 
ventilation  may  be  to  conduct  a  carefully  supervised  SBT. 
When  the  perceived  risk  associated  with  weaning  failure  is 
very  high,  application  of  the  most  accurate  weaning  pre- 
dictors may  be  of  clinically  utility,  but  that  remains  to  be 
proven.  Weaning  predictors  do  have  the  potential  to  pro- 
vide insight  into  the  mechanism  of  weaning  intolerance 
and  might  therefore  pinpoint  correctable  mechanisms  of 
failure.  For  example,  a  reduced  negative  inspiratory  force 
suggests  respiratory  muscle  dysfunction:  an  increased  re- 
sistance, elastance.  or  Vg  indicate  increased  work  of  breath- 
ing (WOB)  or  excessive  ventilatory  demand  on  the  sys- 
tem; and  an  elevated  tWy  suggests  an  imbalance  between 
respiratory  muscle  function  and  respiratory  load. 

Given  that  the  majority  of  patients  are  relatively  easily 
liberated  from  mechanical  ventilation,  more  technologi- 
cally advanced  predictors  such  as  Pq  i,"'-"^""''  gastric  in- 
tramucosal  pH.-'*-'^'  and  WOB  (using  pressure-time  prod- 
uct, modified  Campbell  diagram,  or  respiratory  muscle 
oxygen  consumption)^-^-^--^''  cannot  be  recommended  for 
routine  application.  Nevertheless,  those  methods  may  pro- 
vide valuable  insight  into  the  mechanism  of  failure  in  a 
patient  who  cannot  tolerate  SBTs. ■''*•-''' 

Readiness  Testing 

Readiness  testing  is  performed  with  an  SBT  carried  out 
with  a  low  level  of  pressure  support  ventilation  (PSV) 
(<  7-10  mm  Hg),«  CPAP.'-8""-''0  or  T-piece.^-'^-'i  Previ- 
ous research  suggested  little  difference  between  T-piece 
and  CPAP  in  assessing  patient  readiness.''"  One  advantage 
of  inspiratory  pressure  support  is  its  capacity  to  overcome 
the  WOB  imposed  by  the  ventilator  and  the  endotracheal 
tube;'"'-''-  the  latter  increases  the  resistive  work  load,  espe- 
cially when  the  tube  radius  is  narrow  or  there  are  inspis- 
sated secretions  lining  the  lumen.''''  This  concept  has  been 
questioned  because  recent  research  indicates  that  post-ex- 
tubation  WOB  is  the  same  as"  or  greater  than**-*''  that 
imposed  by  the  endotracheal  tube.  Those  studies  do  not 
give  insight  into  the  problem  of  imposed  work  because 
only  patients  who  tolerated  SBTs  were  studied.  In  studies 
that  focused  on  patients  with  signs  of  weaning  intolerance, 
the  imposed  WOB  was  a  major  contributor  to  failure."* '''' 

From  a  clinical  standpoint,  one  major  issue  is  the  un- 
certainty over  the  level  of  pressure  support  required  to 
offset  the  imposed  load  while  avoiding  either  over-assist- 
ing (resulting  in  excessive  numbers  of  extubation  failures) 
or  under-assisting  (resulting  in  needlessly  prolonged  me- 


chanical ventilation).  Studies  indicate  that  the  optimal  level 
of  PSV  differs  substantially  from  patient  to  patient."' ''-  In 
contrast,  a  study  comparing  a  2-hour  trial  on  T-picce  to 
one  conducted  on  a  fixed  level  of  PSV  (7  cm  HiO)  found 
a  higher  trial  failure  rate  among  T-piece  patients  (22%  vs 
14%),  suggesting  that  imposed  work  may  cause  "iatro- 
genic" weaning  failure  in  some  cases.''  In  that  study,  no 
difference  was  ob.served  in  the  extubation  failure  rate  for 
patients  who  tolerated  the  trial. 

A  subject  of  considerable  interest  is  the  SBT  duration 
that  best  reflects  patient  readiness  for  liberation  from  me- 
chanical ventilation.  One  study  found  a  377f  reintubation 
rate  in  patients  extubated  after  satisfying  the  clinical  cri- 
teria outlined  in  Table  I  and  who  tolerated  2  min  of  spon- 
taneous breathing.''"  In  contrast,  the  majority  of  investiga- 
tors have  assumed  that  tolerance  of  a  trial  of  120  min 
constitutes  a  more  adequate  test  of  readiness  for  liberation. 
In  fact,  large  randomized  controlled  trials  indicate  that  the 
mean  time  to  trial  failure  is  approximately  40-50  min.''-'*" 
Vallverdu  et  al  found  that  nearly  one  quarter  of  all  patients 
who  failed  did  so  60  or  more  minutes  into  the  trial." 
Although  Esteban  et  al  found  no  difference  in  SBT  failure 
rate  or  extubation  failure  rate  between  patients  randomized 
to  either  a  30-min  or  120-min  trial  on  a  T-piece.  that  study 
only  examined  the  initial  attempt  at  weaning.'"  The  proper 
trial  duration  for  subsequent  weaning  efforts  or  for  those 
conducted  on  CPAP  or  pressure  support  is  not  known.  It  is 
likely  that  patients  requiring  more  prolonged  mechanical 
ventilation  will  require  longer  SBTs.  As  an  example,  a 
study  of  75  COPD  patients  ventilated  for  s  15  days  found 
that  69%  failed  a  T-piece  trial  after  a  median  of  120  min."'' 

Another  consideration  is  the  process  by  which  a  pa- 
tient's tolerance  of  an  SBT  is  assessed.  Although  the  ob- 
jective and  subjective  criteria  used  by  most  investigators 
make  intuitive  sense,  their  presence  does  not  always  indi- 
cate actual  patient  intolerance  to  weaning  (Table  3).  For 
example,  surgical-trauma  intensive  care  unit  (ICU)  pa- 
tients who  developed  substantial  tachypnea  during  a  room 
air  CPAP  trial  could  be  successfully  extubated  as  long  as 
physiologic  WOB  was  within  normal  limits. ^'^'^'' 

Pathophysiology  of  Weaning  Failure 

At  the  bedside,  a  failed  spontaneous  breathing  trail  should 
lead  the  clinician  to  conduct  a  systematic  search  for  re- 
versible factors  that  may  be  responsible  for  weaning  in- 
tolerance (Fig.  2).  Over  the  last  decade  investigators  have 
increasingly  focused  on  identifying  the  pathophysiologic 
basis  of  weaning  failure. 

Respiratory  Factors 

On  occasion,  depressed  central  respiratory  drive  can 
contribute  to  weaning  intolerance  in  the  setting  of  ovcrse- 
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Table  3.       Ciminionly  Applied  Criteria  to  Assess  Tolerance  of  a  Trial 
of  Weaning  from  Mectianical  Ventilation 

Obieclive  Criteria 

Acceptable  oxygenation:  S^o,  —  0-^0  "f  Pao,  —  (>^  '"'"  Hg  on  F|o, 

s  0.40-0.50 
Acceptable  ventilation;  Increase  in  P^co,  —  '0  mm  Hg  or  pH 

decrease  of  £  0. 1 0 
Absence  of  tachypnea:  Respiratory  rate  ■£  35  breaths/min 
Acceptable  cardiovascular  function:  Heart  rate  s  140  beats/min  or 

an  increase  £  20%  of  baseline;  systolic  blood  pressure  a  80  mm 

Hg  or  s  160  mm  Hg.  or  change  of  <  20%  from  baseline 
Subjective  Criteria 
No  signs  of  elevated  work  of  breathing  (eg.  thoracoabdominal 

paradox  or  excessive  use  of  accessory  respiratory  muscles) 
No  signs  of  distress  as  indicated  by  presence  of  diaphoresis  or 

agitation 


S,oi  =  arterial  oxygen  saturation 
F[02  =  fraction  of  inspired  oxygen 


dation,  central  nervous  system  injury  or  dysfunction,  or 
severe  metabolic  alkalosis.  In  contrast,  the  vast  majority  of 
patients  who  fail  weaning  have  an  elevated  respiratory 
drive  (as  assessed  by  an  elevated  Pq  |),  probably  as  a  con- 
sequence of  the  imbalance  between  respiratory  muscle  ca- 
pacity and  the  load  placed  on  the  system. "'••-^■-"■^"  In  a 
study  of  31  COPD  patients.  Jubran  and  Tobin  observed 
that,  when  compared  to  weaning  success  patients,  weaning 
failure  patients  confronted  a  greater  mechanical  load  (as 
indicated  by  a  higher  inspiratory  pressure-time  product)  at 
the  start  of  the  SBT,  and  this  progressively  worsened  until 
the  trial  was  terminated.-''  Despite  the  increase  in  pressure- 
time  product,  the  majority  of  weaning  failure  patients  de- 
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Fig.  2.  Evaluation  of  a  patient  who  fails  a  spontaneous  breathing 
trial.  Vq  =  dead  space  volume.  Vj  =  tidal  volume.  Vco^  =  carbon 
dioxide  production.  ETT  =  endotracheal  tube.  PEEPi  =  intrinsic 
positive  end-expiratory  pressure.  CHF  =  congestive  heart  failure. 
PTX  =  pneumothorax.  CNS  =  central  nervous  system. 


veloped  worsening  hypercapnia,  indicating  inefficient  car- 
bon dioxide  clearance. 

Similar  observations  were  made  in  30  patients  with  var- 
ious causes  of  ARF  who  were  studied  at  the  time  of  wean- 
ing failure  and  then  subsequently  at  the  time  of  weaning 
success,  using  each  patient  as  his  or  her  own  control. -■* 
Respiratory  muscle  capacity  was  reduced  (decreased  P|max) 
at  the  time  of  weaning  failure.  Pi^^^  improved  at  the  time 
of  weaning  success,  but  it  remains  unclear  whether  that 
reflects  "training"  of  the  respiratory  muscles  by  the  wean- 
ing process,  as  suggested  in  uncontrolled  studies. ^'■^-  In 
both  studies,  rapid  shallow  breathing  was  associated  with 
weaning  failure,  with  this  factor  probably  worsening  dy- 
namic hyperinflation  and  WOB  related  to  intrinsic  positive 
end-expiratory  pressure  (PEEP).  Those  and  other  studies 
found  that  the  tension-time  index  at  the  time  of  weaning 
failure  frequently  exceeded  the  0.15  threshold  value  indic- 
ative of  a  fatiguing  load.'"^-' --*  It  remains  unclear  how 
often  respiratory  muscle  fatigue  occurs  during  closely  mon- 
itored but  failed  weaning  trials.  In  a  small  preliminary 
report,  diaphragmatic  fatigue  during  a  failed  SBT  (assessed 
by  a  reduction  in  magnetically  stimulated  transdiaphrag- 
matic twitch  pressure)  occurred  in  only  a  minority  of  pa- 
tients.-- 

Cardiac  Factors 

Myocardial  dysfunction  (left  ventricular  systolic  dys- 
function or  ischemia)  can  cause  weaning  intolerance.''''-^'' 
In  a  study  of  COPD  patients,  marked  increases  in  trans- 
mural pulmonary  artery  occlusion  pressure  occurred  when 
patients  were  changed  from  ventilator  support  to  T-piece 
breathing.^''  In  that  situation,  the  switch  to  negative  in- 
trathoracic pressure  probably  increased  both  left  ventric- 
ular preload  and  afterload.  Another  mechanism  of  cardiac- 
induced  weaning  failure  may  be  the  onset  of  cardiac 
ischemia,  which  occurs  in  approximately  6-10%  of  pa- 
tients during  SBTs." ''''  Ischemia  may  result  from  changes 
in  cardiac  loading  conditions  (a  consequence  of  intratho- 
racic pressure  changes),  the  diversion  of  coronary  blood 
flow  to  the  exercising  respiratory  muscles  (decreasing  myo- 
cardial oxygen  supply),  or  from  the  effects  of  increased 
catecholamine  release  (increased  myocardial  oxygen  de- 
mand). Even  in  the  absence  of  ischemia.  Richard  et  al 
found  reduced  left  \entricular  ejection  fraction  in  COPD 
patients  undergoing  SBTs — an  effect  that  was  somewhat 
attenuated  by  using  pressure  support. ^''  Another  study  found 
that,  in  the  absence  of  overt  cardiac  dysfunction,  weaning 
failure  was  associated  with  reduced  mixed  venous  oxygen 
saturation,  perhaps  reflecting  diminished  oxygen  delivery 
to  the  exercising  respiratory  muscles.'-' 
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Psychological  Factors 

Weaning  failure  may  occur  because  of  psychological 
factors,  though  the  incidence  is  unknown.  Many  of  the 
factors  seen  with  weaning  intolerance  (eg,  anxiety,  dia- 
phoresis, tachypnea,  and  tachycardia)  can  also  rctlecl  psy- 
chological distress.  In  support  of  this  concept,  a  number  of 
uncontrolled  reports  indicate  that  strategies  such  as  biofeed- 
back, rela.xation  techniques,  hypnosis,  or  pharmacotherapy 
directed  at  treating  depression  may  result  in  successful 
liberation  from  mechanical  ventilation.'''*  **'  One  random- 
ized controlled  trial  of  40  patients  ventilated  for  >  7  days 
found  that  rela.xation  biofeedback  significantly  reduced  the 
total  duration  of  mechanical  ventilation. "- 

Modes  of  Progressive  Withdrawal 

Intolerance  of  an  SBT  should  lead  to  a  thorough  eval- 
uation to  identify  treatable  causes  of  failure.  Continuing 
efforts  to  liberate  the  patient  from  mechanical  ventilation 
are  indicated  once  that  assessment  is  completed  and  the 
responsible  factors  treated.  This  phase  of  progressive  with- 
drawal ("weaning")  entails  a  gradual  reduction  in  the  de- 
gree of  ventilatory  support;  this  serves  to  progressively 
shift  respiratory  work  from  the  machine  to  the  patient, 
while  avoiding  the  development  of  fatigue.  Whether  this 
process  reconditions  the  respiratory  muscles,  allows  time 
for  further  recover^'  (ie,  reduction  in  the  respiratory  load), 
or  both,  remains  uncertain. 

A  number  of  approaches  have  been  employed  to  foster 
progressive  withdrawal  (Table  4).  With  each  strategy  the 
patient  is  deemed  liberated  from  mechanical  ventilation 
when  a  defined  period  of  minimal  support  can  be  tolerated. 
Two  large  multicenter  randomized  controlled  trials  (Table 
5)  directly  compared  different  progressive  withdrawal  ap- 
proaches among  patients  who  satisfied  readiness  criteria 
but  failed  an  initial  2-hour  SBT  (the  readiness  test).^  **  One 


of  these  also  included  a  strategy  of  daily  SBTs  (conducted 
one  or  more  times  per  day,  using  a  T-piece)  with  mainte- 
nance on  full  ventilatory  support  during  intervening  peri- 
ods.^ Brochard  et  aF  obser\cd  a  shorter  duration  of  wean- 
ing for  PSV  patients  than  for  other  patients  (combined 
T-piece  and  synchronized  intermittent  mandatory  ventila- 
tion [SIMV|  grt)ups),  whereas  Hslcbaii  et  al**  found  that 
T-piece  trials  (both  once  daily  and  multiple  daily)  were 
associated  with  shorter  median  time  of  weaning  than  either 
PSV  or  SIMV.  The  divergent  results  can  be  explained  by 
differences  in  study  design,  statistical  analysis,  and  inter- 
pretation. 

Both  of  those  investigations  found  that  SIMV  alone 
slows  the  weaning  process,  an  observation  in  agreement 
with  physiologic  investigations  indicating  that  the  degree 
of  respiratory  muscle  rest  on  SIMV  is  not  proportional  to 
the  level  of  ventilatory  support.**^  '^^  As  an  example,  Im- 
sand  et  al  noted  considerable  respiratory  muscle  electro- 
myographic activity  during  both  intervening  (unsupported) 
and  mandatory  (supported)  breaths  at  lower  levels  of 
SIMV.*'  Combining  PSV  and  SIMV  reduced  the  pressure- 
time  product  of  the  intervening  and  mandatory  breaths, 
compared  to  either  PSV  or  SIMV  alone. ^^  In  a  study  of  19 
COPD  patients  a  trend  toward  shorter  weaning  duration 
was  noted  for  patients  randomized  to  SIMV/PSV  than 
among  those  who  received  SIMV  alone. ^^  One  approach 
that  remains  to  be  adequately  assessed  is  the  combination 
of  progressive  withdrawal  with  daily  SBTs.  In  one  study, 
adding  a  1-hour  T-piece  trial  after  a  minimal  level  of  pres- 
sure support  was  achieved  did  not  improve  weaning  out- 
come.**^ 

Noninvasive  positive-pressure  ventilation  (NPPV)  can 
effectively  treat  ARF,  particularly  for  exacerbations  of 
COPD***'*"^  and  for  some  patients  with  hypoxemic  respira- 
tory failure  without  pre-existing  lung  disease.''"'"  Several 
uncontrolled  studies  suggested  that  NPPV  could  facilitate 
weaning  from  mechanical  ventilation."-  '"  Nava  et  al  stud- 


Table  4.      Modes  of  Progressive  Withidrawal 


Mode 


Method  of  Decreasing  Level  of  Ventilatory  Support 


Criteria  Indicating  Tolerance  and 
Readiness  for  Liberation 


T-piece 

CPAP.  5  cm  H,0 

PSV 

SIMV 
SIMV  +  PSV 


Increase  as  tolerated  or  increase  incrementally 
Increase  as  tolerated  or  increase  incrementally 
Decrease  pressure-support  level  by  2— t  cm  H,0  two  or  more  times 

each  day 
Decrease  by  2^  breaths/min  two  or  more  times  each  day 
Decrease  by  2-4  breaths/min  two  or  more  times  each  day,  followed 

by  decrease  PSV  level  by  2^  cm  HjO  two  or  more  times  each 

day 


2h 

2h 

2  h  at  5-7  cm  H,0 

2  h  at  SIMV  ^  4  breaths/mm 
2  h  al  5-7  cm  H,0 


CPAP  =  continuous  positive  airway  pressure 

PSV  =  pres.sure-support  ventilation 

SIMV  =  synchronized  intermittent  mandatory  ventilation 
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Table  5.       Comparison  of  2  Large  Randomized  Controlled  Trials  That  Examined  the  Best  Approach  to  Progressive  Withdrawal 


Brochard  et  aP 


Esteban  et  al" 


Number  of  patients  screened 

Number  randomi/ed 

Duration  of  mechanical 
ventilation  prior  to 
randomization 

Strategies  tested 


Protocol 


Criteria  for  success 

Outcome  assessed 
Results 


456 
109 
14  d 


PSV 

SIMV 

T-piece  {once  daily) 


PSV:  decrease  by  2-t  cm  H,0,  2/d 
SIMV:  decrease  by  2—+  breaths/min,  2/d 
T-piece:  progressively  increase  to  2  h 


PSV;  8  cm  H,0  for  24  h 
SIMV:  4  breaths/min  for  24  h 
T-piece:  2  h  (1-3  times/24  h) 

21  d 

1 .  PSV  had  lower  percentage  of  patients 
with  weaniEig  failure  (23%  vs  T-piece 
43%.  and  SIMV  42%) 

2.  Shorter  mean  duration  of  weaning 
with  PSV  (5.7  d)  than  with  pooled 
T-piece  and  SIMV  (9.3  d) 


PSV  -  pressure-support  vcnlilalion 

SIMV  =  synchronized  inlermitlenl  mandatory  ventilation 

CPAP  =  continuous  positive  airway  pressure 


546 
130 
9  d 


PSV 

SIMV 

T-piece  (once  daily) 

T-piece  (multiple  daily) 

PSV;  decrease  by  2-4  cm  H;0.  2/d 

SIMV:  decrease  by  2-4  breath.s/min.  2/d 

T-piece  (once):  as  tolerated  up  to  2  h 

T-piece  (multiple):  T-piece  or  CPAP  5  cm  H-,0  a.s 

tolerated  multiple  times  per  day  (up  to  2  h  per 

trial) 

PSV:  5  cm  H,0  for  2  h 
SIMV:  5  breaths/min  for  2  h 
T-piece:  2  h  (once) 

14  d 

1.  Weaning  failure:  29%  with  once  daily  T-piece, 
18%  with  multiple  daily  T-piece.  38%  with 
PSV,  and  31%  with  SIMV 

2.  Shorter  median  duration  of  weaning  with  T- 
piece  once  per  day  (duration  3  d)  and  T-piece 
multiple  per  day  (3  d)  than  with  PSV  (4  d)  or 
SIMV  (5  d) 


ied  the  role  of  NPPV  in  facilitating  weaning  in  50  intu- 
bated COPD  patients  with  acute  hypercapnic  respiratory 
failure.  Patients  who  had  failed  a  T-piece  trial  48  hours 
after  intubation  were  randomized  to  either  standard  wean- 
ing with  invasive  pressure  support  or  to  immediate  extu- 
bation  followed  by  pressure  support  via  face  mask.''^  The 
noninvasive  strategy  was  associated  with  significantly 
shorter  duration  of  mechanical  ventilation  (10  vs  17  d), 
ICU  stay  ( 15  vs  24  d),  and  60-day  survival  (88%  vs  68%). 
A  subsequent  study  of  5.^  patients  with  acute-on-chronic 
respiratory  failure  (approximately  half  of  whom  had  COPD) 
found  that  NPPV  reduced  the  duration  of  invasive  me- 
chanical ventilation,  but  other  outcomes  were  equivalent.'"' 
Advantages  of  NPPV  include  a  lower  incidence  of  ven- 
tilator-associated pneumonia'^*^  and  less  need  for  continu- 
ous intravenous  sedation.  Alternatively,  using  NPPV  as  a 
"safety  net"  may  allow  clinicians  to  extubalc  and  therefore 
identify  patients  with  iatrogenic  (ie,  related  to  imposed 
WOB)  or  psychologically-based  weaning  failure.  Although 


those  NPPV  results  are  highly  encouraging,  larger  studies 
including  patients  with  more  diverse  respiratory  failure 
etiologies  and  defined  selection  criteria  are  required  before 
this  practice  can  be  generally  advocated.  In  one  prelimi- 
nary report,  a  very  high  extubation  failure  rate  was  found 
when  NPPV  was  used  to  facilitate  weaning.''^ 

Using  Protocols  to  Facilitate  Weaning  from 
Mechanical  Ventilation 

Weaning  protocols  appear  to  improve  outcome,  whether 
they  are  physician-directed  or  driven  b\  RTs  and  ICU 
nurses.  For  example,  several  uncontrolled  studies  (using 
historical  controls)  found  that  use  of  either  a  weaning  team 
or  a  weaning  protocol  led  to  shorter  ventilator  time  than 


traditional  physician-directed  approaches. 


A  protocol 


can  be  used  to  screen  patients  daily  for  readiness  for  SBT, 
to  determine  the  pace  of  weaning  using  methods  of  pro- 
gressive withdrawal  (ie.  pressure  support,  T-piece.  or  in- 
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icniiittent  mandatory  ventilation),  or  tor  identifying  and 
correcting  reversible  etiologies  of  weaning  intolerance.  To 
date,  no  published  protocol  has  explicitly  or  comprehen- 
sively addressed  (in  an  organized  fashion)  this  last  crucial 
element  of  weaning. 

Saura  et  al  studied  the  importance  of  readiness  screen- 
ing compared  to  an  algorithm  emphasizing  "progressive 
withdrawal.""*'  Their  retrospective  study  found  that  most 
patients  in  the  protocol  group  were  directly  extubated  (af- 
ter passing  the  first  attempt  at  spontaneous  breathing)  and 
did  not  require  progressive  withdrawal,  and  that  that  re- 
sulted in  a  shorter  duration  of  mechanical  ventilation.  When 
a  weaning  technique  was  used,  the  weaning  time  was  sim- 
ilar with  and  without  the  protocol.  Ely  et  al  evaluated 
patients  each  morning  (using  a  daily  screen  conducted  by 
RTs  and  supervised  by  physicians)  in  a  randomized  con- 
trolled trial  of  300  mechanically  ventilated  medical 
patients.'  In  the  intervention  group,  patients  passing  the 
daily  screen  (ratio  of  P_,q^  to  fraction  of  inspired  oxygen 
[PaO,/FioJ  -  200,  PEEP  <  5  cm  H,0.  hemodynamically 
stable,  no  sedative  infusions,  adequate  cough.  fA'j  <  105 
breaths/min/L)  underwent  a  2-hour  SBT  on  T-piece  or  on 
CPAP  of  5  cm  HiO.  If  the  SBT  was  successful,  the  man- 
aging clinicians  were  given  verbal  and  written  prompts  to 
consider  extubation.  Patients  in  the  control  arin  were  also 
screened  on  a  daily  basis,  but  no  further  intervention  was 
made  with  them.  Compared  to  the  control  patients,  the 
intervention  group  had  significantly  shorter  weaning  time, 
shorter  duration  of  mechanical  ventilation,  and  lower  over- 
all complication  rate.  Another  randomized  controlled  trial 
(conducted  in  4  different  ICUs.  2  medical,  2  surgical,  each 
using  a  unique  process  for  progressive  withdrawal)  found 
that  an  RT/nurse-directed  protocol  resulted  in  a  9-hour 
shorter  median  time  on  mechanical  ventilation  than  phy- 
sician-directed weaning  (no  differences  were  found  in  mor- 
tality. ICU  stay,  or  costs). '■*  A  more  recent  randomized 
controlled  trial  found  that  an  RT/nurse-directed  protocol 
resulted  in  substantially  shorter  ventilator  time  for  both 
medical  and  surgical  patients,  though  a  trend  toward  higher 
mortality  was  noted  in  the  protocol  group.'"-  In  a  random- 
ized trial  of  223  pediatric  patients,  protocol-directed  wean- 
ing resulted  in  shorter  weaning  time  than  physician-di- 
rected weaning.'"-' 


Table  6.       Major  Questions  in  Protocol-DirecteJ  Weaning  That 
Remain  to  Be  Fully  Answered 

•  How  difficult  is  it  to  implement  and  maintain  the  protocol' 

•  Can  effective  protocol  implementation  occur  outside  the  context  of  a 
clinical  trial? 

•  Are  there  substantial  risks  to  using  a  protocol? 

•  Which  elements  of  a  protocol  are  most  effective? 

•  How  should  protocols  be  modified  for  use  in  distinct  patient 
populations? 


A  number  of  crucial  issues  concermng  protocol-ilirected 
weaning  require  further  investigation  (Table  A).  Hly  et  al 
found  that  large-scale  implementation  of  an  RT-drivcn  pro- 
tocol is  possible  but  requires  the  commitment  of  substan- 
tial resources  and  a  comprehensive  ongoing  education  ef- 
fort.'"^ Even  with  a  sustained  education  effort,  clinician 
compliance  with  the  protocol  can  wane.  Ely  et  al  also 
found  substantial  barriers  to  protocol  implementation,  in- 
cluding physician  reluctance  to  proceed  with  .SBTs  in  many 
patients  who  passed  a  daily  screen. 

Another  concern  about  the  use  of  a  weaning  protocol 
that  accelerates  the  weaning  process  is  the  risk  of  prema- 
ture extubation.  A  number  of  studies  have  found  that  ex- 
tubation failure  is  associated  with  higher  hospital  mortal- 
ity."•'"■'"'-'"''  One  study'  actually  found  less  need  for 
reintubation  with  a  protocol,  but  other  investigators  found 
either  no  difference'-^''-'*"'"-''  or  a  trend  toward  higher 
risk  of  extubation  failure. '"- 

The  optimal  components  of  a  weaning  protocol  (includ- 
ing threshold  values)  remain  inadequately  defined.  As  an 
example.  Ely  et  al  found  that  30%  of  patients  who  never 
passed  the  5-component  daily  screen  could  still  be  suc- 
cessfully liberated  from  mechanical  ventilation.'^  There- 
fore, strict  adherence  to  a  protocol  could  unnecessarily 
prolong  the  duration  of  ventilation  in  some  patients.  A 
preliminary  report  of  a  randomized  trial  found  that  includ- 
ing a  weaning  predictor  (f/Vj)  in  the  daily  screen  was 
associated  with  a  trend  toward  longer  duration  of  mechan- 
ical ventilation.-*-  These  factors  are  particularly  important 
when  one  applies  a  protocol  to  a  different  target  patient 
population.  As  an  example,  Namen  et  al  found  that  a  2-step 
(screening  followed  by  SBTs),  RT-driven  approach  based 
on  traditional  predictors  (P^o.^io-  PEEP,  and  f/V^)  did 
not  result  in  improved  outcomes  when  applied  to  neuro- 
surgical patients.'"'  In  that  study,  concerns  about  decreased 
mental  status  resulted  in  only  25%  of  episodes  of  success- 
ful completion  of  an  SBT  being  followed  by  extubation. 
The  findings  from  those  studies  reinforce  the  concept  that 
protocols  are  ineant  to  serve  as  guidelines  and  should  not 
replace  clinical  judgment. 

Protocols  designed  to  address  other  aspects  of  critical 
care  also  influence  the  duration  of  weaning  and  mechan- 
ical ventilation.  For  example,  protocols  designed  to  avoid 
oversedation  by  limiting  the  use  of  continuous  sedative 
infusions  (either  by  sedation  assessment  scoring""  or  by 
daily  interruption  of  sedative  infusions'")  resulted  in  sig- 
nificantly shorter  duration  of  mechanical  ventilation  and 
ICU  stay. 

The  personnel  responsible  for  implementing  pi-otocol- 
directed  weaning  may  intluence  outcome  through  other 
actions.  As  an  example.  Thorens  et  al  found  that  weaning 
duration  increases  in  COPD  patients  when  the  available 
workforce  of  ICU  nurses  drops  below  a  certain  thresh- 
old."- The  mechanisms  behind  that  relationship  may  in- 
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elude  a  reduction  in  the  need  for  sedation  or  prevention  of 
respiratory  muscle  fatigue  by  earlier  cessation  of  failed 
trials.  Recently.  Hennenian  et  al  found  that,  in  the  absence 
of  a  weaning  protocol,  improved  communication  via  a 
bedside  weaning  board  and  flow  sheet  tended  to  shorten 
the  duration  of  mechanical  ventilation."^  It  may  be  that 
explicitly  recording  and  communicating  the  factors  asso- 
ciated with  weaning  failure  (eg,  reason  for  failure  or  per- 
tinent laboratory  findings)  provide  the  impetus  for  correct- 
ing those  limiting  factors. 

An  extension  of  the  protocol-directed  weaning  concept 
is  to  use  a  computer-based  (ie,  closed-loop)  system  to 
liberate  the  patient  from  mechanical  ventilation.  This  ap- 
proach entails  computer-generated  reductions  in  ventila- 
tory support  in  response  to  feedback  from  various  venti- 
latory variables  (eg.  respiratory  rate.  Vy.  V^.  oxygen 
saturation,  end-tidal  carbon  dioxide).  In  a  small  random- 
ized controlled  trial,  computer-directed  weaning  (adjusting 
both  SIMV  rate  and  pressure  support  level)  resulted  in 
fewer  arterial  blood  gas  samples  drawn  and  shorter  wean- 
ing times  than  physician-directed  weaning.  "■'  In  an  un- 
controlled investigation,  Linton  et  al  demonstrated  the 
safety  and  efficiency  of  weaning  with  adaptive  lung  ven- 
tilation, which  is  a  closed-loop  approach  that  adjusts  the 
level  of  ventilatory  support  to  achieve  an  optimal  gross 
alveolar  ventilation."'^  Another  example  is  a  knowledge- 
based  system  that  continuously  adapts  the  level  of  pressure 
support  to  patient  requirements,  resulting  in  a  progressive 
decrease  in  ventilator  support  and  accurate  determination 
of  the  optimal  time  for  extubation."* 

Patients  Weaning  from  Prolonged  Mechanical 
Ventilation 


A  small  percentage  of  patients  intubated  for  ARF  re- 
quire prolonged  mechanical  ventilation  (ie.  >  14-21  d) 
and  they  are  frequently  cared  for  in  long-term  acute  care 
hospitals  or  special  respiratory  weaning  units.  "^  Of  the 
patients  admitted  to  those  sites  25-82%^  are  successfully 
weaned  from  mechanical  ventilation."^  Although  consid- 
ered difficult  to  wean,  a  substantial  minority  can  be  rapidly 
liberated  soon  after  transfer  from  the  acute  care  hospital."" 

Recently  investigators  have  started  to  probe  the  under- 
lying pathophysiology  of  weaning  failure  in  patients  re- 
quiring prolonged  mechanical  ventilation.  Appendini  et  al 
found  that  an  excessive  mechanical  load,  caused  princi- 
pally by  intrinsic  PEEP,  was  responsible  for  ventilator 
dependence  in  a  cohort  of  COPD  patients. "■"*  Purro  et  al 
evaluated  39  patients  (28  with  COPD)  who  had  required 
ventilatory  support  for  a  minimum  of  3  weeks'-*  and  found 
that  weaning  failure  after  prolonged  mechanical  ventila- 
tion is  characterized  by  an  imbalance  between  respiratory 
muscle  capacity  and  inspiratory  load,  and  a  tension-time 


index  that  frequently  exceeds  the  0.15  threshold  charac- 
teristic of  diaphragmatic  fatigue. 

The  use  of  weaning  predictors  in  prolonged  mechanical 
ventilation  has  been  less  extensively  studied  than  in  the 
acute  setting.  Decreased  Pimax-  elevated  airway  occlusion 
pressure,  and  increased  f/V.j^  are  associated  with  weaning 
failure,  but  their  predictive  accuracy  is  not  high.'-'-''''"'' 
Several  authors  have  developed  scoring  systems  combin- 
ing multiple  predictors,  but  either  too  few  patients  were 
studied  or  the  systems  have  not  been  validated.'-"  '--  Chao 
et  al  found  an  association  between  patient-ventilator  trig- 
ger asynchrony  and  weaning  failure  in  patients  with  pro- 
longed mechanical  ventilation.'-' 

Until  recently  there  were  no  randomized  controlled  tri- 
als investigating  the  use  of  different  weaning  modes  for 
patients  requiring  prolonged  mechanical  ventilation.  In  a 
prospective  trial  conducted  in  3  long-term  weaning  units, 
52  COPD  patients  (all  with  tracheostomy)  were  random- 
ized to  weaning  by  either  pressure  support  or  SBTs  through 
a  tracheostomy  mask.*"'  No  significant  differences  were 
observed  in  mortality,  total  hospital  stay,  duration  of  me- 
chanical ventilation,  or  the  likelihood  of  weaning  success. 
Compared  to  52  historical  control  patients,  the  overall  30- 
day  weaning  success  rate  was  higher  (87  vs  10%)  and 
hospital  stay  shorter.  A  number  of  issues  unique  to  these 
patients  (eg,  presence  of  tracheostomy,  increased  possibil- 
ity of  respiratory  muscle  dysfunction,  reduced  capacity  for 
monitoring  during  SBTs)  indicate  that  data  from  the  acute 
care  setting  cannot  be  easily  extrapolated  to  those  under- 
going prolonged  mechanical  ventilation. 

There  have  been  no  randomized  controlled  trials  of  pro- 
tocol-directed weaning  in  patients  undergoing  prolonged 
mechanical  ventilation.  As  part  of  a  study  of  weaning 
predictors.  Gluck  used  a  weaning  protocol  that  sequen- 
tially reduced  CPAP  and  pressure  support  in  20  patients. '-^^ 
More  recently.  Scheinhorn  et  al  conducted  a  prospective 
cohort  study  of  an  RT-implemented.  patient-specific  wean- 
ing protocol  in  252  patients  (mean  duration  of  mechanical 
ventilation  31  d)  managed  in  a  49-bed  long-term  acute 
care  facility.'--*  The  19-step  protocol  entailed  a  gradual 
decrease  in  ventilator  support  (initially  SIMV  rate,  then 
pressure  support  level)  followed  by  SBTs  of  increasing 
duration,  using  a  tracheostomy  mask.  Compared  to  histor- 
ical controls,  patients  managed  with  the  RT-implemented, 
patient-specific  protocol  had  a  shorter  time  to  weaning 
(median  17  d  vs  29  d).  with  otherwise  comparable  out- 
comes. RT  and  physician  variations  from  protocol  occurred 
infrequently  and  were  often  appropriate  responses  to  pa- 
tient-specific factors. 

Summary 

The  last  2  decades  of  research  have  provided  the  infor- 
mation necessary  to  support  effective  clinical  decision- 
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Fig.  3.  Approach  to  weaning  from  mechanical  ventilation.  SBT  = 
spontaneous  breathing  trial.  "  Initial  30-min  T-piece  trial,  f  Assess 
airway,  secretions,  and  cough. 


making  in  weaning  patients  from  mechanical  ventilation 
(Fig.  3).  It  is  now  clear  that  most  patients  do  not  require  a 
gradual  process  of  weaning  from  ventilatory  support.  Wean- 
ing predictors  may  not  be  sufficiently  accurate  for  wean- 
ing decision-making,  so  the  decision  to  proceed  with  SBTs 
can,  in  most  circumstances,  be  made  using  simple  clinical 
factors  alone.  An  SBT  can  be  conducted  using  a  T-piece, 
CPAP,  or  low-level  pressure  support,  and  should  in  gen- 
eral be  of  120  min  duration,  though  for  the  initial  attempt 
a  30-min  T-piece  trial  may  be  sufficient.  When  the  initial 
attempt  at  spontaneous  breathing  is  not  tolerated,  several 
strategies  are  available  to  promote  progressive  withdrawal 
from  mechanical  ventilation:  daily  SBTs  (T-piece,  CPAP, 
or  low-level  pressure  support):  T-piece  or  CPAP  trials  of 
increasing  duration;  or  gradual  decreases  in  the  pressure 
support  level.  For  patients  failing  SBT  or  for  those  intol- 
erant of  progressive  withdrawal,  an  understanding  of  the 
pathophysiology  of  weaning  failure  is  essential  for  iden- 
tifying and  correcting  reversible  factors.  Emerging  evi- 
dence indicates  that  outcomes  are  improved  by  the  use  of 
physician-directed  or  RT/ICU  nurse-directed  weaning  pro- 
tocols. Many  key  questions  remain  to  be  fully  addressed  in 
future  investigations.  What  are  the  best  readiness  assess- 
ment criteria,  and  what  threshold  values  should  be  used? 
How  often  does  respiratory  muscle  fatigue  occur  during  a 
failed  SBT,  and  what  are  its  consequences'.'  What  is  the 
role  of  psychological  factors  in  weaning  intolerance?  Can 
weaning  predictors  be  used  to  identify  conectable  causes 
of  weaning  intolerance?  What  is  the  role  of  NIPPV  in 
facilitating  weaning  from  mechanical  ventilation?  Does 
progressive  withdrawal  recondition  the  respiratory  mus- 
cles? What  is  the  best  protocol  for  weaning  patients  from 
mechanical  ventilation? 
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Discussion 

Campbell:  Yesterday  Ralf  [Kuhlen| 
wa.s  saying  that  duiing  acute  lung  injury 
we  should  maintain  spontaneous  breath- 
ing; now  you're  saying  that  when  we 
move  the  patient  into  the  weaning  phase 
we  should  give  full  ventilatory  support 
in  between  the  SBTs.  What's  your  def- 
inition of  "full  ventilatory  support"".' 

Epstein:  That's  a  very  good  ques- 
tion. We  have  no  data  on  what  that 


should  constitute.  It's  a  subjective 
thing,  looking  at  ventilator  waveforms 
and  patient  comfort.  I  think  it's  keep- 
ing the  patient  comfortable  and  mak- 
ing sure  the  patient's  not  doing  too 
much  work,  using  the  crude  tools  that 
we  use.  If  I  heard  correctly,  the  ad- 
vantages of  spontaneous  breathing  that 
we  heard  about  yesterday  had  more  to 
do  with  the  acute  lung  injury  setting, 
maintaining  gas  exchange,  and  at  least 
maintaining  aeration  of  the  segments 


of  the  lung  that  don't  move  well  in  a 
hea\  ily  sedated  or  paralyzed  patient. 

Kuhlen:  We  commonly  use  Pq  , 
measurement  in  an  attempt  to  titrate 
the  degree  of  ventilatory  support  be- 
tween weaning  trials.  Given  the  over- 
all correlation  between  P^, ,  and  the 
neuromuscular  drive  and  the  breath- 
ing workload,  we  believe  P„  ,  is  a  fairly 
good  indicator  of  how  "happy"  a  pa- 
tient is  with  the  ventilatory  support. 
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Epstein:  AciualK ,  in  ihc  sliidios  ihal 
Rich  Branson  talked  about  yester- 
day,'-' P„  I  was  used.  In  cxaluating 
how  well  the  know  ledge-base  system 
rested  the  patient,  they  interpreted  re- 
duction in  P,,  I  as  an  indicator  that  the 
patient  was  adequately  resting  on  liieir 
system. 
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Maclntyre:  Scott,  as  you  pointed 
out.  the  task  force'  sifted  through  a 
tremendous  amount  of  evidence-based 
data,  and  you  were  enormously  help- 
ful in  doing  that.  Regarding  your  final 
summary  slide:  there's  a  lot  of  evi- 
dence in  the  lower  left-hand  comer  of 
that  slide  that  SBTs  are  useful  and 
that  a  patient  who  passes  an  SBT 
should  come  off  the  ventilator.  A  ques- 
tion clinicians  must  face,  however,  is 
what  to  do  with  the  patient  who  fails 
the  SBT?  Obviously  you  look  for  rea- 
sons why  they  failed,  but  how  do  you 
best  manage  them?  I  remember  the 
task  force  trying  to  come  to  grips  with 
that.  Esteban"s  and  Brochard's  studies 
indicate  there  is  still  nothing  faster 
(even  Brochard's  pressure-support 
protocol)  than  Esteban's  once-daily  T- 
piece  SBTs.  Because  of  that  the  task 
force  recommended  that  a  patient  who 
fails  an  SBT  should  receive  some  sta- 
ble, comfortable  level  of  suppon.  And 
I  think  the  word  "stable"  is  sometimes 
missed  by  people  who  read  that. 

Stable  means  that  the  constant  tv\  irl- 
ingof  dials,  either  by  clinicians  or  com- 
puters, may  be  an  exercise  in  futility 


and  just  wastes  a  lot  of  therapisi  and 
computer  time.  Maybe  we  ought  to 
just  leave  them  alone  for  24  hours, 
assuming  we  corrected  what  we  coiikl 
correct,  and  just  repeat  the  SBT  then. 
You  mentioned  that  in  your  ICU  you 
(Ion  't  twirl  dials,  and  1  would  just  com- 
ment that  the  days  of  dial  twirling 
should  probably  be  gone.  We  should 
simply  make  patients  comfortable.  I 
think  assisted  modes  are  legitimate. 
Let  the  patient  trigger  the  machine. 
You  don't  want  the  respiratory  mus- 
cles to  become  completely  flaccid.  On 
the  other  hand,  forcing  them  to  do  a 
lot  of  work,  making  a  lot  of  measure- 
ments, or  making  a  lot  of  adjustments 
over  the  course  of  the  day  is  probably 
not  necessary. 
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Epstein:  1  completely  agree.  It's  that 
element  of  what  you  do  to  evaluate 
the  patient  who  fails  an  SBT  that  has 
not  been  fully  addressed.  If  you  look 
at  most  published  protocols,  that  ele- 
ment is  not  addressed  at  all,  or  if  it  is 
it's  a  very  vague  statement  that 
amounts  to,  "Find  what's  wrong  and 
tlx  it."  To  my  knowledge  there  is  no 
organized  algorithm  for  approaching 
the  patient  who  fails  an  SBT,  because 
there  are  many  factors  that  could  be 
responsible.  The  tests  you  could  do 
are  quite  broad.  It  would  be  nice  to 
come  up  with  an  evidence-based  al- 
gorithm that  tells  how  to  evaluate  the 
patient  who  fails  an  SBT,  because  we 
don't  have  one  yet. 

Durbin:  I  had  the  opportunity  to  in- 
vestigate diaphragm  fatigue  in  a  clin- 
ical situation  with  a  C-1  quadriplegic 


child  who  received  controlled  mechan- 
ical ventilation  for  a  year.  We  then 
placed  a  phrenic  nerve  stimulator.  We 
found  essentially  what  you  showed  in 
the  physiology  studies  when  we  started 
mechanical  ventilation  by  stimulating 
the  phienic  nerve.  We  obtained  very 
low  tidal  volumes,  which  declined  very 
dramatically  after  a  short  period  of 
stimulation.  We  stopped  the  stimulat- 
ing, waited  a  day  or  2,  and  found  that 
it  took  at  least  48  hours  to  recoup  the 
baseline  tidal  voluine  when  we  first 
started  conditioning  those  uncondi- 
tioned diaphragms.  After  about  2-3 
weeks,  however,  the  fatigue  factor  dis- 
appeared, and  we  were  able  to  main- 
tain effective  tidal  volumes  during 
hours  of  stimulation. 

My  point  is  that  in  that  natural  ex- 
periment, for  which  we  had  one  sim- 
ple reason  for  respiratory  failure,  the 
response  was  unpredictable  to  a  well- 
controlled  exercise  program  for 
strengthening  and  reconditioning  the 
diaphragm.  We  couldn't  have  guessed 
during  the  first  week  that  3  weeks  later 
we  wouldn't  have  the  same  fatigue 
problem.  By  3  weeks,  for  instance,  we 
could  stimulate  the  diaphragm  and  get 
several  hundred  milliliters  of  tidal  vol- 
ume for  the  duration  of  the  training 
period.  However,  tidal  volumes  would 
fall  off  over  several  hours  of  stimula- 
tion, but  the  next  day  we  would  be  back 
at  baseline.  In  that  child  the  recovery 
process  was  not  linear,  but  rather  a  con- 
tinuously varying  recovery. 

I  think  the  unpredictability  of 
change  needs  to  be  taken  into  account 
in  the  weaning  process.  Respiratory 
failure  early  in  the  course  of  weaning 
probably  needs  more  rest  between 
SBTs  than  does  failure  later  in  the 
course. 

Epstein:  Two  addiiion;il  com- 
ments. The  first  is  that  there  is  an 
uncontrolled  study  by  Aldrich  et  al' 
in  which  he  had  patients  (mostly  with 
neuromuscular  disease)  who  were 
failing  weaning  breathe  through  a 
linear  resister  and  found  that  over 
time  he  was  able  to  liberate  a  high- 
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percentage  of  them  ivom  mechanical 
ventilation.  Unfortunately  that's 
completely  uncontrolled  data  and 
those  patients  may  have  come  off 
the  ventilator  anyway.  The  other 
problem  is  this  weaning  predictor 
recommendation,  which  1  think  is  go- 
ing to  be  very  controversial,  because 


there  are  a  few  experts  in  this  field 
who  feel  very  passionately  that  you 
should  avoid  a  failed  SBT  at  all  costs. 
I  think  it's  going  to  be  very  contro- 
versial and  very  interesting  once  the 
guidelines  are  published  in  Decem- 
ber. 1  think  it  will  be  quite  interest- 
ing to  see  the  comments  we  get. 
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A  common  clinical  observation  is  that  patients  wean  more  rapidly  from  mechanical  ventilation 
following  tracheotomy.  Expected  changes  in  tube  resistance  and  dead  space  are  not  adequate  to 
explain  this  observation  in  adult  patients.  Theoretical  considerations  are  too  complicated  to  allow 
evaluation  of  expected  changes  in  work  of  breathing  following  tracheotomy.  The  resistance  of  the 
upper  airway  is  about  the  same  as  breathing  quietly  through  an  8.0  mm  endotracheal  tube;  how- 
ever, many  patients  experience  a  higher  work  of  breathing  following  extuhation.  This  is  not  true  in 
infants,  in  whom  the  reduction  in  airway  diameter  is  profound  and  a  marked  reduction  in  resistance 
is  seen  following  extubation.  The  other  benefits  of  tracheostomy  include  better  secretion  removal, 
improved  oral  hygiene,  less  laryngeal  damage,  and  ability  to  eat  and  speak.  These  should  be 
considered  when  proposing  this  procedure.  There  may  be  less  late  ventilator-associated  pneumonia 
following  early  tracheotomy.  The  assumed  better  safety  of  tracheostomy  has  been  questioned.  That 
patients  appear  to  wean  more  rapidly  is  probably  accounted  for  by  the  variety  of  factors  mentioned 
above.  Key  words:  tracheostomy,  tracheotomy,  endotracheal  tube,  flow  resistance,  work  of  hreathing. 
weaning,  mechanical  ventilation.     [Respir  Care  2002;47(4);469-480J 


Introduction 

Advances  in  resuscitation,  improvements  in  clinical  care, 
and  changes  in  the  delivery  of  mechanical  ventilation  have 
resulted  in  a  growing  population  of  patients  who  require 
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prolonged  ventilatory  support,'  Many  of  those  patients  will 
benefit-  from  prolonged  support  programs  and  will  even- 
tually be  liberated  from  mechanical  ventilation,- '  At  the 
same  tiine.  increased  demand  coupled  with  a  lack  of  avail- 
ability of  critical  care  resources  has  resulted  in  search  for 
other  venues  for  caring  for  ventilator-dependent  patients. 
Early  and  aggressive  weaning  attempts  have  identified  a 
group  of  intensive  care  unit  (ICU)  patients  whose  primary 
clinical  need  is  for  respiratory  supporl  or  care,  and  man- 
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agemenl  of  patients  with  respiratory  failure  outside  the 
ICU  is  becoming  more  common.  Airway  maintenance  and 
safety  issues  are  paramount  in  the  non-lCU  environment. 
The  advent  of  percutaneous  bedside  tracheotomy  has  led 
to  performance  of  this  procedure  earlier  in  the  course  of 
weaning.  There  are  many  stated  advantages  to  tracheos- 
tomy, compared  to  prolonged  translaryngeal  intubation, 
some  of  which  are  listed  in  Table  1 . 

The  timing  of  tracheotomy  in  patients  requiring  me- 
chanical ventilation  or  airway  protection  has  changed  over 
recent  years."  In  the  1980s  tracheotomy  was  considered 
"early"  if  it  was  performed  before  2 1  days  of  translaryn- 
geal intubation.  In  the  otorhinolaryngology  literature,  how- 
ever, tracheotomy  to  protect  the  larynx  from  damage  was 
recommended  within  3  days  of  intubation.  This  was  based 
on  the  fact  that  the  visually  observed  mucosal  damage  to 
the  larynx  and  vocal  cords  was  maximal  in  3  to  7  days,  but 
if  the  tube  was  removed  from  the  larynx  at  this  time, 
complete  healing  of  these  injuries  was  the  rule."'-'^  The 
visually  assessed  damage  progresses  and  healing  with  scar 
formation  and  functional  abnormalities  (voice  changes) 
occurs  with  increasing  frequency  if  the  endotracheal  tube 
(ETT)  is  left  in  place  longer  than  one  week.'*  The  3- week 
time  limit  of  translaryngeal  intubation  in  critically  ill  pa- 
tients was  based  on  the  belief  that  the  risk  ratio  (surgical 
tracheal  risk  vs  laryngeal  risk)  was  somehow  exceeded  if 
the  ETT  was  left  much  longer  than  a  month. '^^  There  is 
little  objective  information  to  support  that  belief.-"  Most 
adult  patients  requiring  tracheotomy  were  so  ill  and  re- 
quired such  high  levels  of  ventilatory  support  that  it  was 
believed  that  transport  to  the  operating  room  and  perfor- 
mance of  the  procedure  would  frequently  result  in  mortal- 


ity or  substantial  morbidity,  although  there  were  little  data 
on  that  issue. 

The  long-term  airway  consequences  of  tracheostomy  in 
children  appear  to  be  more  important  than  in  adults,-'  -'  so 
prolonged  translaryngeal  intubation  was  usually  continued 
in  small  children  rather  than  subjecting  them  to  the  risks  of 
tracheostomy. 

With  the  increasing  demand  for  ICU  beds  and  the  clin- 
ical changes  mentioned  above,  tracheotomy  is  being  per- 
formed earlier  in  the  course  of  ventilatory  failure.-'*  The 
beneficial  effects  on  patient  comfort,  airway  safety, -*  abil- 
ity to  communicate  and  eat,  and  incidence  of  ventilator- 
associated  pneumonia  (VAP),  are  arguments  for  tracheot- 
omy. The  data  supporting  these  benefits  are  generally 
anecdotal  or  consist  of  small  case  series. 

The  other  side  of  the  risk-benefit  equation  for  tracheos- 
tomy involves  accurate  determination  of  the  risk  of  the 
procedure.-''  This  is  not  well  established  for  currently  em- 
ployed methods  of  performing  tracheotomy.  The  surgical 
risk  should  include  estimation  of  the  mortality  and  mor- 
bidity of  treating  those  patients  who  develop  late  compli- 
cations such  as  tracheal  stenosis  at  the  tracheostomy  stoma, 
the  incidence  and  consequences  of  which  have  not  been 
well  studied.  The  newer  percutaneous  procedures  may 
lower  the  incidence  of  stomal  stenosis,  but  the  effect  on 
early  mortality  is  debated  and  may  actually  be  increased 
over  open  tracheotomy.-^  Though  tracheotomy  is  very  fre- 
quently performed,  very  little  systematic  information  has 
been  accumulated  regarding  these  risk  issues. 

One  of  the  clinical  observations  often  made  is  that  wean- 
ing from  mechanical  ventilation  in  difficult  patients  is  has- 
tened by  tracheostomy.-*-*^  This  is  believed  to  be  due  to 


Table  1.       Comparison  of  Prolonged  Translaryngeal  Inlubation  with  Tracheostomy  During  Prolonged  Ventilatory  Support 


Advantages  of  Translaryngeal  Intubation 


Advantages  of  Tracheostomy 


Ease  and  rapidity  of  initial  insertion 

Avoids  acute  surgical  complications:  bleeding,  posterior  tracheal 

wall  injury 
Lower  costt 
Avoids  late  surgical  complications:  wound  infections,  recurrent 

laryngeal  nerve  injury,  stomal  stenosis 
Lower  risk  of  ventilator  associated-pneumonia'' 


•After  trad  has  matured 

tOnly  considering  placement,  not  cost  of  maintenance 


Ease  of  reinsertion  if  displaced:*  allows  less  skilled  nursing  care 

Reduced  laryngeal  damage 

Better  secretion  removal  with  suctioning 

Lower  incidence  of  tube  obstruction 

Less  oral  injury  (tongue,  teeth,  palate) 

Improved  patient  comfort:  less  sedation/analgesia  required''-'' 

Better  oral  hygiene 

Improved  ability  to  speak' 

Preservation  of  glottic  competence:  less  aspiration  risk,  lower  incidence  of 

ventilator-associated  pneumonia* 
Better  preserved  swallowing  allowing  earlier  oral  feeding"  '■" 
Lower  resistance  to  gas  flow 
Less  tube  dead  space 
Lower  work  of  spontaneous  breathing 
More  rapid  weaning  from  mechanical  ventilation 
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some  of  the  t'aelors  listed  in  Table  1  (eg.  lower  resistance 
to  breathing,  less  dead  space,  better  secretion  removal, 
improved  patient  comfort,  less  sedation);  however,  no  pro- 
spective, systematic  study  of  this  issue  has  been  performed 
and  such  studies  would  be  inhibited  by:  inability  to  blind 
the  investigators  to  the  groupings;  bias  of  the  clinicians 
caring  for  the  patients;  differing  definitions  of  respiratory 
failure  and  success  of  weaning;  economic  concerns  (eg. 
the  Medicare  payment  for  respiratory  failure  is  increased  if 
tracheotomy  is  performed);  multiple  individuals  with  dif- 
ferent skills  performing  tracheotomy;  and  different  spe- 
cialties performing  tracheotomy.  In  order  to  collect  ade- 
quate numbers  of  patients,  a  multi-institution  study  or 
registry  would  be  necessary,  which  adds  problems  of  data 
consistency  and  cost. 

Another  problem  w  ith  assessing  the  effect  of  tracheos- 
tomy on  weaning  is  the  confusion  concerning  the  differ- 
ence between  weaninq  and  extuhcition.  While  the  patient 
remains  intubated  with  an  ETT.  the  urgency  in  weaning  is 
driven  by  a  desire  to  extubate  the  patient.  Once  the  deci- 
sion is  made  to  perform  a  tracheotomy,  extubation  is  no 
longer  the  issue.  It  is  easier  to  remove  a  patient  with  a 
tracheostomy  tube  from  the  mechanical  ventilator  and  place 
him  or  her  on  a  tracheostomy  tube  collar  than  it  is  to  leave 
a  patient  with  an  ETT  on  a  T-piece.  Clinicians  have  been 
conditioned  to  believe  that  an  intubated  patient  cannot 
tolerate  the  work  of  breathing  (WOB)  through  an  ETT,  so 
some  level  of  pressure  support  (5-8  cm  H^O),-"'  a  low 
intermittent  mandatory  ventilation  rate,  or  automatic  tube 
compensation  must  be  used  to  prevent  fatigue."  The  worry 
about  imposed  resistance  and  WOB  is  often  forgotten  when 
the  tracheostomy  tube  is  placed.  Patients  who  were  able 
but  not  allowed  to  sustain  themselves  without  support  are 
allowed  to  breathe  without  support  through  the  tracheos- 
tomy tube.  They  appear  to  have  been  "weaned"  simply  by 
changing  the  method  of  intubation. 

The  present  review  considers  the  effects  of  tracheos- 
tomy on  weaning  from  mechanical  ventilation.  Theoretical 
air  flow  effects  of  the  tubes  and  reports  of  actual  effects  on 
weaning  success  are  addressed.''-  but  this  review  does  not 
include  detailed  discussion  of  surgical  techniques,  costs, 
mechanical  complications  of  intubation  and  tracheostomy, 
or  mechanical  properties  of  tubes  and  cuffs.  Reviews  of 
those  aspects  of  intubation  have  recently  been  published 
and  the  reader  is  referred  to  these  for  detailed  informa- 
tion.-''-''''-' The  present  review  also  does  not  address  the 
issue  of  weaning  and  extubation  criteria. 

Artificial  Airway  Added  Resistance: 
Theoretical  Considerations 


20  - 
15 
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Fig.  1.  The  relative  effects  of  differences  in  endotracheal  tube 
(ETT)  diameter  on  pressure  drop  at  various  flows.  These  measure- 
ments were  made  during  constant  flow. 


translaryngeal  tube.  This  issue  can  be  addressed  theoreti- 
cally or  empirically.  How  important  is  the  difference  in 
resistance  to  gas  flow  through  the  different  types  of  tubes? 
The  simplest  way  to  evaluate  this  issue  is  to  measure,  in 
vitro,  the  pressure  drop  across  the  airway  at  constant  flow 
and  then  calculate  resistance.  The  results  of  such  analyses 
can  be  expressed  graphically  by  plotting  the  flow  versus 
pressure  drop  across  the  tube.  Figure  I  illustrates  that  re- 
lationship in  conventional  ETTs  of  3  different  diameters.  It 
is  apparent  that  the  pressure  drop  is  higher  with  longer, 
smaller  tubes  and  also  increases  with  higher  flows. 


Laminar  Flow  Analysis 

The  relationship  of  pressure  drop  and  flow  can  be  ex- 
pressed mathematically.  From  the  Hagen-Poiseuille  law 
for  laminar  flow,  theoretically,  the  pressure  drop  (Af)  is 
calculated  by  the  following  formula: 


^p  = 


%LyLV 


■nr 


(1) 


in  which  V  is  the  flow  in  L/s.  L  is  the  length  of  the  tube, 
r  is  the  radius  of  the  tube,  and  /x  is  the  viscosity  of  the 
fluid.  At  a  fixed,  constant  internal  diameter  in  a  long, 
straight  tube,  the  pressure  drop  is  proportional  to  the  length 
of  the  tube  and  related  to  the  4th  power  of  its  radius. 

Resistance  (/?),  analogous  to  an  electrical  circuit,  is  de- 
fined by  the  following  relationship: 


One  reason  a  patient  might  benefit  from  tracheotomy 
and  wean  faster  is  if  there  is  less  WOB  due  to  gas  How 
resistance  through  the  tracheostomy  tube  than  through  the 


^p 


(2) 
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but  since 


^p  = 


SLp-V 


irr 


(3) 


cheal  tubes.  These  2  analyses  describing  flow  can  be  seen 
in  the  single  equation,  which  was  empirically  derived  by- 
Rohrer,  accounting  for  total  flow  and  pressure  drop  in  the 
respiratory  system  airways: 


then 


^P  =  K'V  +  K"V- 


(8) 


8L/i. 


(4) 


Thus,  resistance  during  laminar  flow  is  also  related  to  the 
4th  power  of  the  radius  of  the  tube.  This  analysis  applies 
only  to  flow  that  is  fully  laminar.  If  the  tube  is  not  long 
enough,  flow  cannot  become  totally  laminar,  but  will  have 
elements  of  turbulent  flow,  in  which  case  a  different  cal- 
culation of  resistance  applies.  The  length  of  tube  necessary 
to  fully  reach  laminar  flow  is  calculated  by  the  following 
equation: 


Le  =  K'  X  Re  X  D 


(5) 


in  which  Le  is  the  length  of  tube  necessary  to  reach  lam- 
inar flow,  D  is  the  tube  diameter,  K'  is  a  constant,  and  Re 
is  the  Reynolds  number,  which  is 


Re 


4(tV 

TT/LlD 


(6) 


in  which  /x  is  fluid  viscosity,  a  is  fluid  density,  D  is  tube 
diameter,  and  V  is  flow.  With  flows  in  the  clinical  range 
(0.5-1 .5  L/s).  a  tube  length  of  60-70  diameters  is  required 
to  reach  laminar  flow.  That  length  is  much  longer  than 
most  endotracheal  or  tracheostomy  tubes.-*'  The  implica- 
tion from  this  analysis  is  that  flow  is  not  entirely  laminar 
but  transitional  or  turbulent  at  clinically  relevant  flows  in 
most  situations.  Thus,  laminar  flow  calculations  underes- 
timate the  imposed  tube  resistance. 

Turbulent  Flow  Considerations 

The  pressure  drop  for  fully  developed  turbulent  flow  is 
calculated  by  the  following  equation: 


AP  = 


8/(L/D)V^ 


ttD'' 


(7) 


in  which  /is  a  frictional  factor  related  to  the  roughness  of 
the  tube  wall  and  the  Reynolds  number,  D  is  the  diameter, 
and  L  is  the  length.  This  equation  is  of  the  form  AP  = 
K"V^.  Though  turbulent  flow  requires  less  tube  length  to 
fully  develop  than  does  laminar  flow  (30-40  times  the 
diameter),  it  still  requires  a  distance  longer  than  most  tra- 


The  first  term  relates  to  the  laminar  coinponent  and  the 
second  relates  to  the  turbulent  component  of  flow  through 
straight  tubes.  The  effects  of  gas  density  and  viscosity  are 
accounted  for  in  the  individual  calculations  for  the  indi- 
vidual terms  described  above.  Resistance  would  simply  be 


R  =  AP/V  =  K'  +  K"V 


(9) 


in  which  the  constants  K'  and  K"  are  determined  experi- 
mentally. The  situation  is  even  more  complex  if  the  tube  is 
not  straight  but  has  one  or  more  curves,  which  is  the  case 
with  both  the  soft,  translaryngeal  tube  that  conforms  to  the 
upper  airway  and  the  rigid  tracheostomy  tube  with  its  fixed 
curve.  The  added  resistance  to  fluid  flow  around  the  curved 
portion  is  related  to  a  dimensionless  variable,  the  Dean 
(De)  number,  which  is 


De  =  4  X  Re 


(10) 


in  which  R  is  the  radius  of  curvature.  Re  is  the  Reynolds 
number,  and  D  is  the  tube  diameter.  The  sharper  the  curve, 
the  higher  the  pressure  drop  around  it.  At  a  critical  Dean 
number  the  pressure  drop  increases  dramatically,  analo- 
gous to  the  transition  from  laminar  to  turbulent  flow.  It 
may  be  possible  to  estimate  the  effect  of  curvature  in  a 
rigid  tracheostomy  tubes,  but  that  is  not  possible  in  trans- 
laryngeal tubes,  in  which  the  curves  are  variable  and  chang- 
ing. 

All  of  the  theoretical  calculations  assume  that  the  walls 
of  the  tubes  are  smooth.  Secretions  and  narrowing  dramat- 
ically increase  the  required  pressure  to  tnaintain  a  given 
flow.  Figure  2  illustrates  the  effect  of  crusted  secretions  on 
resistance  to  flow  in  a  tracheostomy  tube."^  Though  actual 
airway  resistance  is  difficult  to  calculate  by  application  of 
the  theoretical  considerations  discussed  above,  this  analy- 
sis allows  several  conclusions  about  resistance  when  breath- 
ing through  an  artificial  airway: 

1.  The  larger  the  diameter,  the  lower  the  resistance. 
The  shorter  the  tube,  the  lower  the  resistance. 
Irregular  walls  (tube  material  or  secretions)  increase 
resistance. 

Curves  in  the  tube  increase  resistance,  and 
Higher  flows  (minute  ventilation  or  tidal  volume) 
require  geometrically  increased  pressure. 
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Fig.  2.  Effect  on  air  flow  and  resistance  of  crusted  secretions  in  a 
tracheostomy  tube.  The  crusted  tube  requires  a  much  greater  pres- 
sure to  achieve  the  same  air  flow.  (From  Reference  36.  with  per- 
mission.) 


Measurement  of  Resistance  and  Work  of  Breathing 

The  resistance  of  the  artificial  airway  is  usually  ex- 
pressed as  the  pressure  drop  (in  cm  H2O)  across  it  at  a 
continuous  flow  of  0.5-1.5  L/s  for  adults.  Since  that  value 
is  different  at  different  flows,  directly  comparing  different 
devices  and  reports  requires  knowing  the  experimental  con- 
ditions. Rohrer's  equation  allows  comparison  of  resistance 
at  different  flows,  but  the  constants  must  be  determined 
experimentally  or  acquired  from  other  published  sources. 
The  effect  of  changes  in  resistance  on  weaning  most 
directly  relates  to  the  extra  work  required  of  the  respi- 
ratory muscles  to  move  gas  through  the  artificial  air- 
way. Imposed  WOB  is  the  theoretical  or  measured  bur- 
den to  perform  that  extra  resistive  work.  It  is  calculated 
by  measuring  the  instantaneous  pressure  drop  across  the 
airway  and  the  instantaneous  flow.  Work  is  the  integra- 
tion of  those  measurements,  and  is  usually  expressed  in 
J/L.  Estimated  imposed  WOB  can  be  calculated  from 
the  resistance  measurement,  but  this  value  is  of  limited 
application,  and  actual  measurements  are  more  mean- 
ingful. WOB  varies  dramatically  with  changes  in  tidal 
volume,  respiratory  rate,  and  minute  ventilation,  which 
makes  it  difficult  to  compare  or  predict  the  effects  of 
changes  in  resistance  occurring  during  clinical  care.  Mea- 
surement of  WOB  is.  however,  more  reflective  of  the 
total  impact  of  the  intervention  and  more  closely  pre- 
dicts effect  on  weaning  success. 


Laboratory  measurements  of  pressure  drop  and  resis- 
tance across  various  airways  have  been  reported  (Table 
2).  Various  methods  were  used  to  obtain  those  measure- 
ments, and  some  important  variables,  such  as  tube  length 
and  shape  and  whether  a  standard  connector  was  in 
place,  are  not  always  reported.  The  flow  at  which  the 
measurement  was  made  is  usually  reported.  From  these 
reports,  the  measured  resistance  of  tracheostomy  tubes 
is  less  than  the  resistance  of  ETTs  of  the  same  internal 
diameter.  However,  in  adults  it  is  common  to  use  a 
tracheostomy  tube  with  an  inner  cannula,  which  sub- 
stantially reduces  internal  diameter  and  dramatically  in- 
creases resistance. 

Actual  resistance  of  artificial  airways  when  used  in  pa- 
tients is  greater  than  the  resistance  measured  in  the  same 
devices  in  the  laboratory.""^  One  of  the  reasons  for  that  may 
be  the  effects  of  the  waveform  of  gas  flow  (eg.  constant 
flow  or  sinusoidal  gas  delivery)  used  to  determine  the 
resistance  in  vitro.  Resistance  across  ETTs  was  found  to 
be  lowest  during  constant  flow  and  greatest  during  venti- 
lation with  rapidly  changing  flow  patterns.-*-  Thus,  neither 
one  of  those  test  conditions  actually  mimics  the  clinical 
situation. 

In  children  the  expected  effects  of  intubation  on  resis- 
tance and  WOB  are  greater  than  in  adults.  The  effect  of  the 
tube  size  compared  to  tracheal  size  is  more  profound.  Just 
considering  the  theoretical  effects  of  reducing  the  native 
tracheal  radius  by  intubation.  Bock  et  al  estimated  that  in 
a  group  of  intubated  children  resistance  was  increased  by 
a  factor  of  1 1  to  255,  requiring  an  increase  in  breathing 
pressure  of  2.5  to  17.9  cm  H^O/L/s  to  overcome  the  in- 
crease in  resistive  work.-"  In  that  study  the  authors  used 
computed  tomography  scans  of  the  trachea  in  14  children 
with  ETTs  in  place  to  estimate  the  reduction  in  tracheal 
diameter  caused  by  having  the  tube  replace  the  trachea. 
Since  the  normal  resistance  of  the  trachea  in  children  is  not 
known,  they  applied  a  normal,  adult  tracheal  resistance 
value  of  0.07  cm  H^O/L/s  to  generate  those  comparative 
values. -*-* 

The  resistance  to  gas  flow  across  neonatal  ETTs  has 
been  studied.  Even  with  helium-oxygen  mixtures  the  re- 
sistance is  much  greater  than  across  adult  ETTs  and  greatly 
exceeds  that  of  the  natural  neonatal  upper  airway.-**  Infants 
unable  to  spontaneously  ventilate  adequately  during  wean- 
ing attempts  often  thrive  following  extubation,  because  of 
the  reduced  resistance. 

Using  a  lung  model,  Davis  et  al  compared  the  im- 
posed WOB  through  tracheostomy  tubes  and  ETTs  of 
the  same  internal  diameter.^'  WOB  and  pressure  drop 
increased  as  flow  increased  and  lube  diameter  decreased. 
At  flows  of  1-1.5  L/s  the  reduction  in  imposed  WOB 
through  the  tracheostomy  tube  reached  statistical  sig- 
nificance, whereas  at  0.5  L/s  there  was  no  difference. 
Thus,  during  quiet  breathing,  the  effect  of  reduced  length 
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Table 


Reported  Resistances  ol  Various  Artificial  Airways 


Device 


Internal 
Diameter  (mm) 


Resistance 
(cm  H,0/(Us)) 


Conditions 


Reference 


Tracheostomy: 
Shiley  Infant 
(X) 
0 
I 
Tracheostomy: 
Shiley  Pediatric 
(X) 
0 
1 
2 
3 
4 
Tracheostomy: 
Shiley  Adult 
4 
6 
8 
10 
Tracheostomy  Portex 
Adult 

24F 
27F 
27F 
30F 
30F 
33F 
33F 
36F 
36F 
39F 
39F 
Endotracheal  Tubes 


3.1 
3.4 
3.7 


3.1 

3.4 
3.7 
4.1 
4.8 
."i.O 


5.5 
7.0 
8.5 
9.0 


5.5 
6.5 
6.5 
7.3 
7.3 
8.0 
8.0 
8.5 
8.5 
9.0 
9.0 

2.5 
2.5 
3.0 
3.0 
3.5 
3.5 
6.0 
6.0 
6.0 
7.0 
7.0 
7.5 
7.5 
8.0 
8.0 
8.0 


22.67 
15.05 
9.04 


22.67 
17.64 

10.98 
8.77 
3.83 
2.62 


11.47 
3.96 
1.75 
0.69 


3.68 
1.96 
3.86 
1.27 
2.74 
0.93 
2.14 
0.59 
\.Mi 
0.39 
0.94 

90 

38 

45 

22 

21 

II 

11.5 

20.2 
9.1 
5.9 
9.9 
3.2 
4.5 
3.7 
6.1 
1.40 


Rohrer  Equation,  5-60  L/min 
Rohrer  Equation.  5-60  L/min 
Rohrer  Equation.  5-60  L/min 


Rohrer  Equation.  5-60  L/min 
Rohrer  Equation.  5-60  L/niin 
Rohrer  Equation.  5-60  L/min 
Rohrer  Equation,  5-60  L/min 
Rohrer  Equation,  5-60  L/min 
Rohrer  Equation,  5-60  L/min 


Rohrer  Equation.  5-60  L/min 
Rohrer  Equation,  5-60  L/min 
Rohrer  Equation,  5-60  L/min 
Rohrer  Equation,  5-60  L/min 


12  L/min 
12  L/min 
30  L/min 
12  L/min 
30  L/min 
12  L/min 
30  L/min 
12  L/min 
30  L/mm 
12  L/min 
30  L/min 

14.8  cm  long  (6  L/min) 

4.8  cm  long  (6  L/min) 

14.8  cm  long  (6  L/min) 

4.8  cm  long  (6  L/min) 

14.8  cm  long  (6  L/min) 

4.8  cm  long  (6  L/min) 

30  L/min 

60  L/min 

30  L/min 

30  L/min 

60  L/min 

30  L/min 

60  L/min 

30  L/min 

60  L/min 

25  cm  long  (30  L/min) 


37 
37 
37 


37 
37 
37 
37 
37 
37 


37 
37 
37 
37 


36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 

38 
38 
38 
38 
38 
38 
39 
40 
40 
40 
40 
40 
40 
39 
39 
41 


on  resi.siance  may  be  balanced  by  the  sharp  cur\atuie, 
causing  increased  resistance  of  flow  through  the  trache- 
ostomy tube.  At  higher  flows  the  effect  of  turbulence 
predominates  and  the  shorter  tracheostomy  tube  is  fa- 


vt)red,  Davis  et  al  used  ■■iiueslioii  mark"  shaped  ETTs  to 
simulate  the  lorliious  route  the  tube  usually  takes  in 
humans,  which  increased  resistance  over  straight  lubes, 
in  their  model. 
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From  the  above  discussion  it  is  apparent  iliai  ii  is  dit- 
Ficuit  to  predict,  simply  by  known  physical  characteristics, 
the  change  in  resistance  or  imposed  WOB  when  switching 
to  a  tracheostomy  tube,  because  of  the  complex  interaction 
of  clinical  and  mechanical  factors.  In  theory  it  would  seem 
that  resistance  across  tracheostomy  tubes  would  be  lower 
because  they  are  shorter,  but  because  of  the  sharp  angle  of 
curvature  (which  may  be  greater  than  that  of  an  ETT)  the 
resistance  of  a  tracheostomy  tube  might  actually  he  greater. 
This  is  especially  true  if  an  inner  cannula  or  a  smaller 
internal-diameter  tracheostomy  tube  is  used.  In  addition, 
deformities  due  to  secretions  or  compression  of  the  tube 
could  increase  resistance  and  overwhelm  any  theoretical 
differences.  The  theoretically  calculated  reduction  of  im- 
posed WOB  from  tracheostomy  is  unlikely  to  make  the 
difference  in  weaning  of  a  marginal  patient. 

Artificial  Airway  Resistance:  Empirical  Data 

If  the  resistance  to  breathing  through  the  artificial  air- 
way is  the  reason  for  failing  weaning,  a  logical  question  is 
how  does  the  resistance  of  an  ETT  compare  to  that  of  the 
natural  upper  airway?  If  the  ETT  adds  substantially  to  the 
WOB.  a  marginal  patient  might  succeed  following  extu- 
bation.  despite  failing  during  a  spontaneous  breathing  trial. 
In  normal,  awake,  adult  male  volunteers.  Gal  and  Suratt 
found  that  intubation  with  an  8  mm  ETT  increased  airway 
resistance  from  0.99  ±  0.09  cm  H,0/L/s  in  the  unintu- 
bated  airway  to  2.75  ±  0.10  cm  H^O/L/s  in  the  intubated 
airway.'*'  The  external  added  resistance  was  determined  to 
be  1.4  cm  H^O/L/s  from  the  ETT,  leaving  the  distal  airway 
resistance  of  1.35  cm  H2O/L/S.  That  was  greater  than  the 
total  airway  resistance  before  intubation.  This  increased 
lower-airway  resistance  following  intubation  was  hypoth- 
esized to  be  due  to  bronchoconstriction.  although  no  wheez- 
ing was  present  and  all  patients  received  adequate  topical 
analgesia  with  nebulized  lidocaine  prior  to  intubation.  The 
possibility  of  changes  in  bronchomotor  tone  affecting  re- 
sistance measurements  must  be  borne  in  mind  when  inter- 
preting data  related  to  ETT  and  tracheostomy  tube  resis- 
tance measurements.  However,  that  study  and  others 
suggest  that  upper  airway  resistance  is  lower  than  breath- 
ing through  an  adequate  size  ETT  and  that  total  airway 
resistance  should  be  less  following  extubation.  This  is  es- 
pecially true  in  infants,  as  neonatal  ETT  resistance  greatly 
exceeds  that  of  the  normal  neonatal  upper  airway. 

Thus.  WOB  should  be  less  following  extubation.  and 
some  investigators  have  found  that  to  be  the  case.  Straus  et 
al  studied  a  group  of  14  patients  during  T-piece  trials  and 
following  extubation.-"'  Using  an  acoustical  method  of  de- 
termining tube  and  upper  airway  resistance,  they  found 
that  the  imposed  WOB  across  the  ETT  was  1 1.0  ±  3.9% 
of  the  total  WOB.  The  supraglottic  airway  resistance  in 
that  group,  following  extubation,  was  in  the  normal  range 


2.0 
1.8 
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Fig.  3.  Work  of  breathing  (W)  In  8  patients,  with  endotracheal  tube 
(ETT)  and  after  extubation  (EXTO).  The  work  of  breathing  increased 
in  7  patients  following  extubation.  (From  Reference  49,  with  per- 
mission.) 


(0.79  ±  0.4  cm  H^O/L/s)  but  was  significantly  less  than 
the  ETT  resistance  ( 1 .43  ±  0.3 1  cm  HiO/L/s),  measured  at 
a  relatively  low  flow  of  0.25  L/s.  In  an  earlier  study, 
Brochard  et  al  found  that  the  WOB  decreased  by  about 
30%  following  extubation,  compared  to  spontaneous  ven- 
tilation on  a  T-piece,  and  proposed  that  pressure  support 
ventilation  (PSV)  be  used  to  compensate  for  the  WOB 
imposed  by  the  ETT.-*^ 

Other  investigators  have  found  that  WOB  following  ex- 
tubation increased,  potentially  implying  that  the  functional 
resistance  of  the  ETT  is  less  than  that  of  the  natural  air- 
way. Nathan  et  al,  investigating  various  techniques  to  over- 
come the  ventilator-circuit  imposed  WOB.  found  that  WOB 
was  significantly  higher  folk)wing  extubation  (1.04  J/L) 
than  during  PSV  (0.45  J/L)  or  while  spontaneously  breath- 
ing through  a  T-piece  (0.74  J/L).  Six  of  7  study  patients 
experienced  increased  WOB  following  successful  and  sus- 
tained extubation.-"^  The  researchers  hypothesized  that  some 
change  in  tracheal  or  laryngeal  anatomy  was  the  cause  of 
the  increased  WOB  following  extubation.  In  a  follow-up 
study,  Ishaaya  et  al  performed  bronchoscopy  at  the  time  of 
extubation.  Though  the  WOB  increased  following  extuba- 
tion, no  changes  in  tracheal  or  laryngeal  dimensions  were 
seen  that  could  account  for  the  changes  in  WOB.-"  Figure 
3  shows  the  changes  in  WOB  for  those  8  patients.  6  of 
whom  had  increased  WOB  following  extubation.  Those 
authors  believed  that  the  supraglottic  airway  must  be  the 
reason  for  the  increased  WOB  following  removal  of  the 
ETT.  Not  considered  was  the  possibility  that  persistent 
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Table  3.       Changes  in  Respiraliir>  Variables  Preceding  and  Follciwing 
Extubalion 


T-piece 


Extubated  1  h 


Work  of  breathing  (J/L) 
Respiratory  rate  (breaths/niin) 
Tidal  volume  (L) 
Change  in  esophageal  pressnre 

{cm  H;Ol 
Po.i  (cm  H,0) 


1.1  ±0.57 

23  ±6 
O.-W  ±  0. 1 1 
13.4  ±  6.5 

3.6  ±  1.6 


1.48  +  0.91* 

23  ±6 
0.41  ±0.12 
17.5  ±  10. I* 

5.0  ±  3.4* 


»p  <  0.05 

Pq  I  =  airway  occlusion  pressure  U,  I  s  after  onset  of  inspiratory  effott 

(Adapted  from  Reference  50.  with  permission  I 


partial  weakness  due  to  residual  pharmacologic  paralysis 
or  critical  illness  myopathy  contributed  to  upper  airway 
instability,  minimal  airway  collapse,  and  increased  resis- 
tance to  air  flow  following  extubation. 

Mehta  et  al.  investigating  the  amount  of  pre-extubation 
support  needed  to  approximate  the  WOB  following  extu- 
bation, also  identified  increased  WOB  following  extuba- 
tion in  22  patients.^"  These  investigators  also  found  post- 
extubation  changes  in  esophageal  negative  inspiratory 
pressure,  airway  occlusion  pressure  0. 1  s  after  the  onset  of 
inspiratory  flow,  and  pressure-time  product  consistent  with 
increased  WOB.  Table  3  shows  the  data  from  those  pa- 
tients. Thus,  there  is  confounding  evidence  suggesting  that 
the  ETT  has  a  lower  resistance  than  the  natural  airway  in 
adults. 

On  the  other  hand,  the  possibility  has  been  shown  of 
reduced  WOB  following  extubation  in  neonates.  LeSouef 
et  al  studied  12  premature  neonates  following  treatment 
for  respiratory  distress*^'  and  found  a  decreased  respiratory 
time  constant  and  resistance  following  extubation.  Figure 


4  shows  a  typical  no\\-\i)lunie  curse  for  line  of  those 
infants  before  and  following  extubation.  The  higher  expi- 
ratory tlow  is  proportional  to  the  decrease  in  resistance 
after  extubation. 

The  unit  of  measurement  for  reporting  WOB  has  not 
been  standardized.  Some  authors  report  WOB  in  units  of 
work  per  unit  of  time  (power),  believing  that  that  more 
accurately  reflects  the  demands  made  on  the  respiratory 
muscles.  Fleury  et  al  found  that  work  referenced  to  liters 
of  ventilation  (J/L)  correlated  with  the  severity  of  pulmo- 
nary mechanical  impairment  in  patients  acutely  ill  with 
chronic  obstructive  pulmonary  disease,  whereas  work  rate 
(J/min)  did  not.^-  They  observed  that  patients  with  the 
most  severe  abnormalities  in  pulmonary  mechanics  often 
had  lower  minute  ventilation  than  did  patients  with  less 
severe  airway  obstruction,  and  they  concluded  that  work 
per  liter  of  ventilation  might  be  a  more  useful  predictor  of 
ventilator  dependence  than  work  per  minute.  Although 
work  rate  may  better  reflect  power  output  of  the  respira- 
tory muscles,  work  per  liter  of  ventilation  may  better  in- 
dicate the  overall  strength  required  by  a  patient  with  pul- 
monary disease  and  may  better  predict  successful 
extubation. 


Reduced  Dead  Space 

Reduced  dead  space  is  another  reason  for  favoring 
tracheostomy  over  ETT.  Using  a  lung  model.  Da\  is  et  al 
found  that  there  were  10-20  mL  more  dead  space  in 
ETTs  than  in  tracheostomy  tubes  of  similar  internal 
diameter.  That  small  difference  is  unlikely  to  ha\e  a 
substantial  impact  on  ventilatory  demand,  but  still  fa- 
vors tracheostomy."'-'' 


150-1 


S      100- 
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Expiratory  Flow 
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Expiratory  Flow 
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Fig.  4.  Expiratory  flow-volume  curves  from  an  infant  prior  to  and  following  extubation.  The  difference  between  the  slopes  is  due  to  the 
difference  between  the  resistance  of  the  endotracheal  tube  and  that  of  the  natural  upper  airway.  (Modified  from  Reference  51.) 
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Fig.  5.  Changes  in  worl<  of  breathing  while  intubated,  after  extubation,  and  following  tracheotomy  in  a  group  of  4  patients  with  respiratory 
failure.  (From  Reference  53,  with  permission.) 


Effects  of  Tracheostomy  on 
Mechanics  of  Respiration 

The  question  we  are  attempting  to  answer — How  is  wean- 
ing facilitated  by  tracheostomy? — has  been  addressed  more 
directly  by  measuring  WOB  before  and  after  tracheotomy. 
Davis  et  al  studied  20  patients  with  respiratory  failure 
before  and  after  tracheotomy.'^'  These  patients  had  failed 
extubation  at  least  twice  after  having  successfully  passed  a 
continuous  positive  airway  pressure  (CPAP)  trial,  which 
consisted  of  having  the  patient  on  room  air  and  CPAP  of 
5  cm  HiO  with  no  pressure  support.  After  20  min  an 
arterial  blood  sample  was  obtained  and  analyzed  for  pH. 
P3C0,,  and  Pao,.  If  Pao,  was  >  55  mm  Hg.  spontaneous 
respiratory  rate  was  <  30  breaths/min.  pH  was  >  7.30. 
and  tidal  volume  was  >  4  mL/kg.  the  CPAP  trial  was 
considered  a  success  and  e.xtubation  was  attempted.  .Ml 
patients  failed  extubation  at  least  twice.  Six  to  10  hours 
prior  to  scheduled  tracheotomy,  tidal  volume,  respiratory 
rate,  airway  pressure,  flow,  and  esophageal  pressure  were 
measured  during  spontaneous  breathing  on  a  T-piece.  The 
same  measurements  were  made  several  hours  following 
tracheotomy.  Calculated  resistance  (6.3  ±  4.5  cm  H,0/L/s 
vs  9.4  ±  4.1  cm  H,0/L/s)  and  WOB  (0.81  ±  0.46  J/L  vs 
0.97  ±  0.32  J/L)  were  less  following  tracheotomy.  How- 


ever, those  are  relatively  small  changes  and  probably  do 
not  totally  account  for  the  weaning  success  observed  in 
patients  following  tracheotomy. 

Davis  et  al  measured  WOB  in  4  patients  during  a  period 
of  extubation  as  well  as  before  and  following  tracheotomy 
(Figure  5)  and  found  that  WOB  was  higher  after  extuba- 
tion in  all  4  patients.  An  interesting  and  possibly  important 
observation  in  that  study  was  that  intrinsic  positive  end- 
expiratory  pressure  was  significantly  lower  following  tra- 
cheotomy ( 1 .6  ±  1 .0  cm  H2O  vs  2.9  ±  1 .7  cm  H,0).  That 
may  affect  WOB  as  much  or  more  than  the  reduced  resis- 
tance and  airway  dead  space,  or  it  may  be  a  consequence 
of  it.  One  concern  with  the  data  from  that  study  is  that  the 
size  of  the  tracheostt)my  tube  relative  to  the  ETT  is  not 
reported. 

In  a  similar  study  by  Lin  et  al.  20  patients  recovering 
from  respiratory  failure  with  underlying  chronic  lung  dis- 
ease were  studied  while  receiving  various  types  of  venti- 
latory support,  before  and  after  tracheotomy.'^^  Following 
tracheotomy  there  was  a  small  and  nonsignificant  reduc- 
tion in  airway  resistance  ( 19.3  ±  7.9  cm  HjO/L/s  before  vs 
16.9  ±  7.9  cm  H,0/L/s  after)  and  no  change  in  WOB 
(0.60  ±  0.65  before  vs  0.59  ±  0.7  J/L  after).  Lin  et  a! 
stated  that  they  included  only  patients  who  received  iden- 
tical internal-diameter  iracheostomv  tubes  for  their  ETTs: 
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however,  in  the  report  the  average  tube  size  was  different 
following  tracheotomy,  bringing  into  question  the  equality 
of  the  tube  sizes.  They  also  found  a  rather  large  reduction 
in  peak  inspiratory  pressure:  33  cm  H2O  before  versus  28 
cm  H2O  following  tracheotomy.  That  may  reflect  the  fact 
that  patients  were  still  receiving  mechanical  ventilation  at 
the  time  of  both  measurements.  The  reduced  peak  airway 
pressure  may  represent  better  patient-ventilator  synchrony 
or  an  unmeasured  change  in  intrinsic  positive  end-expira- 
tory pressure.  From  that  study  Lin  et  al  concluded  that 
tracheostomy  provided  no  important  reduction  in  patient 
work,  compared  to  translaryngeai  intubation. 

Since  exhalation  is  usually  passive,  most  attention  has 
been  paid  to  the  inspiratory  resistance  and  imposed  WOB. 
However,  patients  with  marginal  respiratory  reserve  will 
actively  contract  their  expiratory  muscles  during  exhala- 
tion and  occasionally  during  inspiration.  This  paradoxical 
breathing  pattern  is  recognized  by  clinicians  as  a  sign  of 
impending  respiratory  fatigue.  Such  expiratory  muscle  ac- 
tivity may  be  less  following  tracheotomy,  since  resistance 
is  marginally  lower  and  patients  may  appear  to  be  in  less 
distress.  The  decrease  in  intrinsic  positive  end-expiratory 
pressure  mentioned  above  suggests  better  exhalation,  pos- 
sibly due  to  less  resistance  during  exhalation. 

Though  the  clinical  impression  exists  that  patients  wean 
more  rapidly  following  a  tracheotomy,  there  is  no  com- 
pelling evidence  that  lower  resistance  or  less  dead  space  is 
the  primary  reason  for  reduced  WOB. 

Safety  Concerns  in  Patients  with  Artificial  Airways 

Since  accidental  extubation  and  resulting  airway  com- 
promise and  respiratory  arrest  is  a  risk  of  artificial  airways, 
the  lower  risk  of  accidental  extubation  has  been  suggested 
as  a  strong  argument  favoring  tracheostomy.  Patients  with 
tracheostomies  are  often  cared  for  outside  the  ICU  envi- 
ronment. However,  the  presumed  safety  advantage  of  tra- 
cheostomy over  translaryngeai  intubation  has  recently  been 
questioned.  In  a  study  of  over  8,000  intubated  patients 
managed  in  the  ICU  over  a  6-year  period,  the  incidence  of 
tracheostomy  tube  accidents  was  similar  to  that  of  ETT 
accidents,  including  tube  occlusion  and  accidental  extuba- 
tion.^^ In  a  previous  study  from  the  same  group,  trache- 
ostomy accidents  were  actually  more  frequent  and  more 
often  resulted  in  fatality  (10%  of  tracheostomy  accidents 
were  fatal)  than  in  patients  with  translaryngeai  ETTs.^'' 
The  major  cause  of  tracheostomy  mortality  was  related  to 
accidental  dislodgment  of  the  tube.  The  practice  of  dis- 
charging patients  from  the  ICU  immediately  following  the 
tracheostomy  placement  may  be  a  formula  for  catastrophe. 
The  tracheostomy  stoma  is  not  mature  for  at  least  3  days, 
and  the  ability  to  blindly  reinsert  the  tracheostomy  tube 
should  it  become  dislodged  is  not  guaranteed.  The  trache- 
otomy technique  may  influence  the  safety  of  the  surgical 


airway."  Though  percutaneous  tracheostomy  lubes  are 
probably  less  likely  to  become  dislodged,  they  are  more 
difficult  to  reinsert  should  they  become  dislodged. 

Ventilator-Associated  Pneumonia 

Another  suggested  advantage  of  tracheostomy  over  trans- 
laryngeai intubation  is  prevention  of  VAP.  The  presumed 
pathophysiology  of  this  problem  is  aspiration  of  oral  se- 
cretions around  the  tracheal  cuff.  Since  glottic  competence 
is  compromised  by  translaryngeai  intubation  and  not  by 
tracheostomy,  perhaps  early  tracheotomy  may  prevent  or 
lower  the  incidence  of  VAP.^^  Earlier  evidence  suggested 
that  tracheostomy  might  actually  result  in  a  higher  inci- 
dence of  VAP  than  translaryngeai  intubation,^'* ""'  but  more 
recent  evaluations  suggest  either  no  effect  or  less  VAP 
with  tracheostomy.*"  One  of  the  difficulties  of  studying 
VAP  is  establishing  the  diagnosis.  Usually  the  diagnosis  is 
clinical,  based  on  a  collection  of  physical  signs.  The  pres- 
ence of  a  new  fever,  elevated  white  blood  cell  count,  and 
either  a  new  infiltrate  on  chest  radiograph  or  development 
of  purulent  sputum  are  considered  suggestive  of  VAP.''' 
Those  criteria  are  sensitive  but  not  specific,  as  there  is 
inconsistency  in  clinician  evaluation  of  radiographs  for 
evidence  of  infiltration.''-  Even  experienced  radiologists 
disagree  in  film  interpretation.  Culture  results  from  vari- 
ous methods  have  been  suggestive  as  helpful  in  confirm- 
ing the  diagnosis  and  directing  treatment.''"'^  With  those 
weaknesses  in  mind,  there  is  some  evidence  that  trache- 
ostomy at  least  does  not  increase  the  incidence  of  VAP. 
Although  not  a  prospective  trial,  a  report  by  Banet  et  al 
found  that  in  burned  children  the  incidence  of  lung  infec- 
tions was  lower  in  children  who  underwent  tracheotomy 
before  day  10  than  in  those  receiving  tracheotomy  later 
than  that  or  those  never  receiving  a  tracheotomy."'^  An- 
other difficulty  in  evaluating  this  issue  is  that  most  patients 
receiving  tracheotomy  have  been  intubated  translarv  ngeally 
for  a  substantial  period.  Determining  the  risk  of  VAP  from 
translaryngeai  intubation  and  the  potential  protection  from 
tracheostomy  requires  separation  of  those  2  factors.  No 
definitive  evidence  has  been  reported  in  this  regard,  but 
the  trend  seems  to  be  that  earlier  tracheiitoniv  reduces  the 
incidence  of  late  development  of  VAP.  Studv  ing  this  issue 
will  require  a  large  collection  of  patients,  such  as  a  regis- 
try, to  definitively  determine  the  effect.'''' 

Noninvasive  Weaning 

Another  approach  to  weaning  involves  extubation  of 
marginal  patients  followed  by  planned  institution  of  non- 
invasive ventilatory  support.  This  approach  could  be  used 
in  place  of  tracheotomy  in  some  patients.  The  data  dis- 
cussed earlier  suggest  that  breathing  through  the  upper 
airway  may  be  more  difficult  than  breathing  through  an 
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artificial  airway.  Instead  of  committing  to  tracheotomy, 
some  clinicians  have  had  good  results  employing  nonin- 
vasive ventilation.  Noninwisive  ventilation  has  been  suc- 
cessfully used  in  place  of  intubation  and  ventilation  in 
acute  and  chronic  respiratory  failure."^  Though  it  is  a  rel- 
atively new  idea,  the  success  of  noninvasive  ventilation  in 
managing  some  patients  who  have  failed  extubation  has 
led  to  the  planned  use  of  this  modality  as  part  of  a  weaning 
program  and  early  extubation.  The  noninvasive  ventilation 
approach  has  been  successful  at  reducing  the  length  of 
ventilation  and  complications  in  several  studies.**''''  The 
benefits  of  noninvasive  ventilation  have  been  demonstrated 
in  infants  and  children  as  well.^"  Though  not  specific  to 
the  topic  of  the  role  of  tracheostomy,  these  intriguing  new 
approaches  to  weaning  may  reduce  the  need  for  long-term 
artificial  airways  and  modify  our  approach  to  this  issue. 

Summary 

Though  it  is  difficult  to  quantitate  all  of  the  issues, 
breathing  through  a  tracheostomy  tube  should  entail  less 
WOB  and  require  less  minute  ventilation  than  breathing 
through  a  translaryngeal  tube  of  the  same  diameter.  Under 
quiet  breathing  conditions  that  difference  is  probably  im- 
portant, but  under  high  minute  demand  it  may  be  substan- 
tial. It  is  unlikely  that  that  difference  alone  accounts  for  the 
uncontrolled  observation  that  patients  wean  more  rapidly 
following  tracheotomy.  Definitive  reasons  for  that  obser- 
vation are  lacking.  Prevention  of  VAP  by  early  tracheot- 
omy is  suggested  but  not  proven.  Other  considerations 
such  as  patient  comfort,  ease  of  suctioning,  oral  feeding, 
and  the  safety  of  the  care  setting  should  be  primary  in  the 
decision  to  perform  tracheotomy.  Though  not  yet  standard 
practice,  premature  extubation  in  patients  recovering  from 
acute  and  chronic  respiratory  failure,  followed  by  planned 
noninvasive  ventilation  may  be  a  useful  strategy  in  reduc- 
ing the  complications  of  endotracheal  intubation  and  tra- 
cheostomy. 
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Discussion 

Pierson:  Since,  as  you've  shown, 
there  doesn't  seem  to  be  a  very  good 
physiologic  reason  for  faster  weaning 
after  tracheotomy  in  patients  who  are 
difficult  to  wean,  1  think  it  must  be 
more  about  clinician  behavior  after  tra- 
cheotomy. This  is  related,  1  think,  to 
the  continued  lumping  of  weaning  and 
extubation  together.  Those  things  can 
be  separated  in  the  clinician's  mind 
once  the  tracheostomy  is  in  place,  so 
now  we're  not  talking  about  remov- 
ing the  airway  anymore,  and  the  pa- 
tient can  simply  be  taken  off  the  ven- 
tilator and  placed  on  a  T-piece,  no 
problem.  In  many  instances  the  clini- 
cian could  have  done  that  before  the 
tracheotomy  was  done,  but  didn't  be- 
cause of  the  conflation  of  weaning  and 
extubation  in  the  clinician's  mind. 

Durbin :  I  absolutely  agree  with  you. 
Once  the  decision  to  do  the  tracheot- 
omy is  made,  the  idea  disappears  that 
the  patient  needs  mechanical  ventila- 
tion just  because  they  have  a  tube  in 
place.  Often  it  may  just  be  a  clinician 
mindset  change.  I  do  believe,  how- 
ever, that  we  see  patients  who  truly 
were  not  passing  spontaneous  trials  be- 
fore the  tracheotomy  who  do  succeed 
afterwards,  so  there  has  to  be  some 
physiologic  advantage  to  the  trache- 
ostomy. It  could  also  be  progression 
of  improvement  of  disease;  it  could 
be  the  small  changes  in  mechanics:  or 
it  may  be  due  to  the  reduction  in  in- 
trinsic positive  end-expiratory  pres- 
sure because  of  less  additional  tube 
resistance  following  the  tracheotomy. 
1  don't  know  which  of  those  factors  is 
most  important. 

Pierson:  It  would  be  very  interest- 
ing to  design  a  study  in  which  both 
clinician  behavior  and  physiology 
were  incorporated,  such  as  by  random- 
izing patients  to  actually  get  the  tra- 
cheotomy on  the  day  it  was  scheduled 
versus  a  weaning  attempt  or  some- 
thing. 


Curtis:  1  have  had  that  same  expe- 
rience, but  one  of  the  problems  with 
clinical  experience  is  that  it  can  be 
subjected  to  many  different  biases.  We 
are  never  (or  almost  never)  in  the  cir- 
cumstance where  we  watch  somebody 
go  from  a  tracheostomy  to  an  endo- 
tracheal tube,  and  then  see  them  get 
extubated.  It  could  be  that  it  would 
happen  with  equal  frequency,  but  it's 
just  never  in  our  clinical  experience  to 
do  it  that  way.  So  you  wonder  whether 
some  of  our  perception  that  tracheot- 
omy facilitates  weaning  isn't  just  the 
fact  that  it  was  that  extra  day  or  2. 

Durbin:      1  agree. 

Hurford:  One  bias  we  seem  to  have 
is  that  we  look  at  failed  extubation  or 
the  presence  of  an  artificial  airway  as 
a  weaning  failure,  or  as  a  ventilatory 
failure,  and  not  necessarily  as  an  air- 
way failure.  Could  you  comment  on 
what  we  think  is  an  important  practice 
clinically — performing  tracheostomy 
then  using  the  tracheostomy  tube  in 
conjunction  with  a  Passy-Muir  valve 
to  restore  airway  function  to  normal, 
to  restore  swallowing,  airway  protec- 
tion, and  the  resumption  of  normal 
speech  and  normal  human  activities 
during  the  weaning  process? 

Durbin:  1  think  those  are  very  im- 
piirtant  considerations,  and  probably 
as  important  as  the  weaning  concerns. 
1  work  primarily  in  a  neurological  in- 
tensive care  unit  now.  and  most  tra- 
cheotomies I  perform  are  for  airway 
protection,  not  for  ventilation  failure. 
It's  rarely  an  oxygenation  issue: 
there's  no  gag,  there's  no  cough,  the 
risk  of  aspiration  is  high,  the  patient  is 
comatose,  and  we're  concerned  about 
the  long-term  consequences  of  those 
issues.  1  do  tracheotomies  in  patients 
who  are  weaned  but  have  poor  pro- 
tective reflexes  and  require  suction- 
ing. My  favorite  technique  for  placing 
the  tracheostomy  is  to  extubate  the  pa- 
tient and  place  a  laryngeal  mask  air- 
way. I  can  get  a  much  better  broncho- 


scope view  of  the  larynx  through  a 
laryngeal  mask  airway  than  through 
an  endotracheal  tube.  These  patients 
continue  spontaneous  venlilalion  dur- 
ing the  procedure  and  are  not  in  re- 
spiratory failure.  These  brain-injured 
patients  benefit  from  long-term  airway 
support.  They  require  airway  support 
for  at  least  weeks  to  several  months, 
and  when  1  see  them  later,  when 
they've  recovered,  it  convinces  me  that 
it's  a  worthwhile  process. 

As  far  as  reconditioning  the  upper 
airway,  it  does  seem  to  be  part  of  the 
process.  A  week  or  2  following  tra- 
cheotomy, when  the  patient  is  regain- 
ing consciousness  and  increasing  ac- 
tivity, we  often  see  gagging  problems. 
That  gets  better  over  time  and  seems 
to  be  improved  by  allowing  air  through 
the  upper  airways.  Return  of  speech 
becomes  an  issue.  At  this  time  the 
Passy-Muir  valve  or  other  speaking 
device  seems  to  result  in  exercise  of 
the  upper  airway,  which  correlates 
with  improvement  in  the  patient's 
mental  status.  Return  of  speech 
wouldn't  be  possible  with  a  transla- 
ryngeal  endotracheal  tube.  That  is  one 
of  the  reasons  1  opt  for  tracheotomy 
earlier  than  I  used  to.  It  seems  to  get 
patients  through  the  system  faster,  and 
perhaps  the  tracheostomy  can  be  re- 
moved sooner  if  we  put  it  in  earlier. 
As  you  suggest,  perhaps  we  preserve 
upper  airway  and  speech  functions  by 
doing  the  tracheotomy  sooner. 

Branson:  A  report  from  Brochard 
and  his  colleagues'  on  tracheotomy  in 
COPD  patients  found  that  intrinsic 
positive  end-expiratory  pressure  lev- 
els that  averaged  8-9  cm  H^O  before 
tracheotomy  decreased  to  2-3  cm  HiO 
after  tracheotomy.  We  see  that  all  the 
time.  1  think  tracheostomy  facilitates 
patients  coming  off  the  ventilator,  and 
1  think  there's  some  physiologic  ef- 
fect. I'm  not  always  sure,  but  given 
that,  when  should  we  do  tracheotomy? 
Ob\  iously  no  one  knows  the  answer, 
but  what's  your  opinion  about  how 
early  we  should  tracheotomize  differ- 
ent kinds  of  patients?  Head  injured 
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patients  benefit  immensely,  but  we  find 
some  of  our  elderly  trauma  patients 
stay  on  the  ventilator  or  need  a  tra- 
cheostomy for  reasons  unrelated  to 
their  continued  respiratory  dysfunc- 
tion, but  rather  just  their  overall  de- 
gree of  injury. 
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Durbin:  I  think  the  decision  to  per- 
form a  tracheotomy  should  have  the 
same  kind  of  analysis  that  you  would 
do  in  any  other  kind  of  medical  inter- 
vention. Today  we've  both  talked 
about  the  potential  benefits  of  trache- 
ostomy, but  there  are  certainly  risks. 
One  of  the  problems  with  the  decision 
to  perform  a  tracheotomy  is  that  we 
really  don't  know  what  is  the  level  of 
risk  of  tracheostomy.  A  lot  of  patients 
who  receive  tracheotomy  die.  And  a 
fair  number  of  patients  who  are  in  the 
process  of  dying,  who  can  be  man- 


aged outside  of  an  IC'U  during  their 
death  process,  receive  tracheotomy. 
That  is  because  a  tracheostomy  is  a 
more  reasonable  airway  to  manage 
outside  of  an  ICU. 

There's  another  group  of  patients 
that  you  know  are  going  to  be  extu- 
bated  eventually,  like  the  critically  ill 
recovering  elderly  patients  you  men- 
tioned. It  may  be  a  week,  a  month,  or 
6  months,  but  you  know  most  of  those 
patients  will  eventually  be  decannu- 
lated.  My  bias  has  been  that  if  the 
patient  survives  a  week  or  2  but  is  not 
yet  ready  to  be  extubated,  they  prob- 
ably will  benefit  from  a  tracheostomy. 
One  of  my  concerns  has  always  been 
extubating  a  very  marginal  patient  who 
survives  for  a  day  or  2  in  the  ICU  but 
who  requires  extensive  airway  support 
and  frequent  suctioning.  They  are 
moved  out  of  the  ICU.  I  always  won- 
der if  I've  done  that  patient  a  service. 
Invariably,  some  of  those  patients 
come  back  in  extremis  because  they 
didn't  have  adequate  suctioning  or  air- 
way care. 

My  own  personal  prejudice  has  been 
to  do  tracheotomies  in  that  group.  I 


am  performing  tracheotomies  that  1 
wouldn't  have  done  10  years  ago  in 
that  kind  of  patient.  If  I  could  keep 
them  in  the  ICU  for  another  week  or 
2.  that  might  be  different.  Maybe  10 
years  ago  I  could  have  kept  those  pa- 
tients in  ICU,  but  I  can't  anymore,  for 
administrative  and  financial  reasons. 
So  I  opt  for  tracheotomy  in  those  mar- 
ginal patients.  I  can  usually  guess  by 
the  end  of  the  first  week  that  they're 
probably  going  to  need  a  tracheotomy, 
and  if  they  don't  improve  dramatically 
during  that  week  I  do  the  tracheotomy 
by  the  end  of  the  second  week,  if  they 
can  tolerate  it.  I  do  it  somewhat  ear- 
lier in  neurosurgical  patients,  because 
on  day  3  if  they  haven't  awakened 
they're  not  going  to  awaken  any  time 
soon.  Those  patients  get  a  tracheostomy 
on  day  3-5.  By  doing  the  procedure  so 
early  perhaps  we're  preventing  some 
ventilator-associated  pneumonias.  That 
is  one  rationale,  but  I  think  we're  mov- 
ing to  earlier  tracheotomy  for  good  rea- 
sons. We  don't  yet  have  a  prospective 
randomized  Onal  to  confimi  improved 
outcomes. 
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As  many  as  20%  of  extubated  patients  require  reintubation  (ie,  extubation  failure)  within  72 
hours  of  extubation,  with  the  exact  prevalence  depending  on  numerous  factors.  The  patho- 
physiologic basis  of  extubation  failure  is  often  different  from  the  cause  of  weaning  failure. 
Extubation  failure  substantially  prolongs  the  duration  of  mechanical  ventilation,  intensive  care 
unit  stay,  and  hospital  stay,  and  substantially  increases  hospital  mortality.  Therefore,  predic- 
tion of  extubation  outcome  and  prevention  of  extubation  failure  may  be  critically  important. 
Unfortunately,  standard  weaning  tests  have  not  proven  sufficiently  accurate  in  predicting 
extubation  outcome.  New  semi-objective  measurements  of  cough  strength  and  secretion  volume 
can  help  identify  patients  at  increased  risk  for  extubation  failure.  It  is  important  to  note  that 
mortality  increases  with  reintubation  delay,  which  indicates  that  clinical  worsening  may  take 
place  during  the  period  without  ventilatory  support.  Therefore,  improved  outcome  may  derive 
from  rapid  identification  of  patients  at  increased  risk,  followed  by  expeditious  reinstitution  of 
ventilatory  support  when  extubation  failure  occurs.  Key  nords:  extubation.  extubation  failure, 
mechanical  ventilation,  outcome,  upper  airway  obstruction,  predictors,  noninvasive  mechanical 
ventilation.     [Respir  Care  2002:47{4):483-492] 


Introduction 

There  has  been  extensive  study  of  determining  patient 
readiness  for  weaning  (liberation)  from  mechanical  venti- 
lation, of  the  best  approach  to  accelerate  the  process  of 
progressive  withdrawal  for  patients  who  prove  difficult  to 
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wean,  and  of  the  pathophysiologic  causes  underlying  wean- 
ing intolerance.  Yet  once  ventilatory  support  is  no  longer 
needed,  the  clinician  must  address  a  different  problem:  can 
the  patient  tolerate  extubation  (ie,  removal  of  the  transla- 
ryngeal  endotracheal  tube  [ETT])?  The  process  and  out- 
come of  extubation  has  received  increasing  attention,  with 
clinical  investigators  focusing  on  numerous  aspects  of  ex- 
tubation failure,  including  prevalence,  risk  factors,  patho- 
physiology, prognosis,  predictors,  and  strategies  for  pre- 
vention. Extubation  failure  can  be  defined  as  the  need  for 
reinstitution  of  ventilatory  support,  usually  manifested  as 
the  need  for  reintubation.  Numerous  factors  limit  the  study 
of  this  outcome,  but  the  most  impt)rtant  consideration  may 
be  the  inability  to  recognize  weaning  failure  and  extu- 
bation failure  as  distinct  and  separate  entities.  In  fact,  re- 
cent research  clearly  indicates  that  those  are  discrete  pro- 
cesses with  distinct  pathophysiologic  causes  and  unique 
outcomes. 
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Prevalence  and  Risk  Factors  for  Extubation  Failure 

The  frequency  of  extubation  failure  is  conventionally 
measured  as  the  number  of  patients  requiring  reintubation 
within  24-72  hours  after  extubation,  divided  by  all  pa- 
tients undergoing  planned  extubation.  Planned  extubation 
is  defined  as  the  removal  of  the  ETT  only  after  the  patient 
has  passed  a  spontaneous  breathing  trial  (SBT)  with  very 
specific  criteria  to  assess  tolerance.  In  contrast,  reintuba- 
tion is  usually  performed  at  the  discretion  of  the  managing 
clinicians;  strict  objective  criteria  for  determining  toler- 
ance of  extubation  and  the  need  for  reintubation  are  infre- 
quently applied.  How  should  an  investigator  classify  a 
patient  who  received  noninvasive  ventilation  after  extuba- 
tion? In  some  patients  noninvasive  ventilation  may  obviate 
reintubation.  but  it  also  may  be  applied  to  patients  who 
were  not  destined  for  extubation  failure.  As  an  example, 
Leitch  et  al  reported  a  very  low  extubation  failure  rate 
(1.6%).  but  they  considered  patients  who  required  post- 
extubation  continuous  positive  airway  pressure  (CPAP) 
(21%  of  all  extubated  patients)  as  extubation  successes.' 

As  many  as  20-25%  of  planned  extubations  are  fol- 
lowed by  reintubation,  with  the  majority  of  studies  report- 
ing rates  of  approximately  15%.-"-''^  Very  high  extubation 
failure  rates  may  indicate  insufficient  assessment  prior  to 
or  during  weaning  trials,  leading  to  "premature  extuba- 
tion." In  contrast,  a  very  low  extubation  failure  rate  may 
derive  from  overly  stringent  extubation  criteria  and  there- 
fore reflect  unnecessary  prolongation  of  mechanical  ven- 
tilation. The  prevalence  of  extubation  failure  is  highest  for 
medical  or  multidisciplinary  intensive  care  unit  (ICU)  pa- 
tients and  lowest  for  surgical  patients  (postoperative  car- 
diac, general  surgical,  and  trauma  ).'-'■*■  "■'-■'•*■-'*-''' The  prev- 
alence of  extubation  failure  depends  on  the  time  frame 
under  consideration,  with  most  patients  failing  in  the  ini- 
tial 12-24  hours  after  extubation.'^-'** 

A  number  of  factors  that  may  predispose  to  extubation 
failure  have  been  examined  (Table  1 ).  In  most  studies, 
patients  requiring  reintubation  tended  to  be  older,  with  the 
greatest  risk  being  for  patients  over  the  age  of  70. 'i 'i'-'- 
Intuitively  one  would  expect  that  extubation  failure  rates 
would  be  different  for  the  diverse  causes  of  acute  respira- 
tory failure.  Although  some  studies  found  higher  extuba- 
tion failure  rates  for  different  entities  (neurologic."^  cardi- 
ac,'-"' or  chronic  obstrucli\e  pulmonary  disease 
[COPD]"  '-).  others  have  failed  to  confirm  an  effect  of 
respiratory  failure  etiology  on  the  need  for  reintubation. 
The  incidence  of  complications  that  may  predispose  to 
extubation  failure  (eg,  airway  complications  and  ventila- 
tor-associated pneumonia)  increase  with  time  on  the  ven- 
tilator, so  duration  of  mechanical  ventilation  may  be  an 
important  factor.  The  issue  remains  unsettled,  because  some 
studies  found  a  longer  pre-extubation  duration  of  ventila- 


Table  1 .      Factors  That  May  Affect  the  Frequency  of  Extubation 
Failure 

Type  of  patient  (eg.  medical  vs  surgical) 

Older  age 

Severity  of  illness  at  weaning  onset 

Use  of  continuous  intravenous  sedation 

Increased  duration  of  mechanical  ventilation  prior  to  extubation 

Male 

Anemia  (hemoglobin  <  10  mg/dL  or  hematocrit  <  30%) 

Need  for  transport  out  of  the  intensive  care  unit 

Initial  severity  of  illness 

Indication  for  mechanical  ventilation  (eg.  etiology  of  acute  respiratory 

failure) 
Duration  or  number  of  individual  spontaneous  breathing  trials  prior  to 

extubation 
Mode  of  ventilator  support  prior  to  extubation 
Protocol-directed  weanina 


tion  among  patients  who  failed,'""-"'  whereas  others 
found  no  difference.'^  "--' 

Prior  to  extubation  most  patients  undergo  an  SBT  to 
determine  readiness  for  liberation  from  the  ventilator.  The 
appropriate  length  of  the  SBT  remains  unclear,  but  most 
investigators  employ  trials  of  30-120  min.  Too  brief  a  trial 
can  lead  to  premature  extubation  and  resultant  extubation 
failure.  In  contrast,  an  excessively  long  trial  could  result  in 
"iatrogenic"  weaning  failure,  especially  when  the  resistive 
work  imposed  by  the  ventilatory  circuit  or  ETT  is  exces- 
sive. In  the  only  direct  comparison  published  to  date,  sim- 
ilar 48-hour  reintubation  rates  were  found  among  patients 
randomized  to  an  initial  T-piece  trial  of  either  30  or  120 
min.'-  A  trend  toward  a  higher  reintubation  rate  after  48 
hours  was  noted  for  patients  given  the  120-min  T-piece 
trial.  In  a  nonrandomized  physiologic  study,  zero  of  30 
patients  tolerating  a  6-hour  T-piece  trial  experienced  ex- 
tubation failure.-"  Although  tolerance  of  such  prolonged 
SBTs  may  predict  a  high  likelihood  of  success,  concerns 
about  iatrogenic  weaning  failure  preclude  advocating  that 
approach. 

The  choice  of  weaning  or  SBT  strategy  could  influence 
the  likelihood  of  extubation  failure,  because  partial  sup- 
port modes  can  over-assist  the  patient  still  experiencing  an 
imbalance  between  respiratory  load  and  demand.  In  that 
scenario,  patient  tolerance  of  the  SBT  does  not  reflect 
readiness  for  liberation  or  extubation.  Variable  reintuba- 
tion rates  were  found  in  2  randomized  controlled  trials  that 
examined  different  modes  of  progressive  withdrawal  (T- 
piece.  synchronized  intermittent  mandatory  ventilation, 
pressure  support),  but  no  consistent  relationship  between 
mode  and  extubation  failure  was  found.'"-"*  In  a  direct 
comparison,  nearly  identical  rates  of  extubation  failure 
were  found  for  patients  randomized  to  either  a  2-hour 
T-piece  trial  or  to  a  2-hour  trial  of  pressure  support  of  7  cm 
H^O."  Jones  et  al  found  no  difference  in  extubation  fail- 
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lire  in  a  small  study  of  patients  randomized  to  either  CPAP 
orT-piece.-'  Though  further  investigation  is  needed,  these 
studies  do  not  indicate  that  pre-extubation  mode  of  venti- 
lation or  duration  of  the  trial  affects  e.\tubatit)n  outconie. 

Protocol-directed  weaning  reduces  both  the  duration  of 
weaning  and  the  total  time  on  mechanical  ventilation, '■*■"'••*- 
but  protocols  that  rapidly  nunc  patients  through  the  wean- 
ing process  (and  those  that  do  not  contain  elements  de- 
signed to  assess  airway-protective  mechanisms)  could  be 
associated  with  higher  reintubation  rates.  As  an  example, 
one  trial  of  385  medical  and  surgical  patients  found  a  trend 
toward  a  higher  reintubation  rate  among  patients  random- 
ized to  protocol-directed  weaning.-"  In  contrast,  3  other 
studies  found  no  difference, '^■■'-■♦-'-*''  and  a  separate  ran- 
domized controlled  trial  found  a  lower  reintubation  rate 
among  patients  managed  by  a  protocol  than  among  those 
receiving  physician-directed  weaning. '•* 

Two  recent  studies  found  an  association  between  ane- 
mia and  extubation  failure.  Khamiees  et  al  found  higher 
risk  of  extubation  failure  when  the  hemoglobin  was  <  10 
mg/dL,  whereas  a  retrospective  study  of  395  medical  ICU 
patients  found  that  patients  with  hematocrit  <  30%  were 
at  elevated  risk  of  reintubation.-*^-"*  The  association  be- 
tween anemia  and  extubation  failure  requires  further  in- 
vestigation, including  studies  designed  to  assess  whether 
strategies  to  elevate  hemoglobin  can  improve  outcome. 

Causes  of  Extubation  Failure 

The  principal  cause  of  weaning  failure  appears  to  be  an 
imbalance  between  respiratory  load  and  respiratory  mus- 
cle capacity .•"■■*'-"  The  reason  for  an  SBT  is  to  ensure  the 
absence  of  an  imbalance  between  capacity  and  load,  indi- 
cating sufficient  recovery  from  acute  respiratory  failure 
and  low  risk  for  premature  extubation.  Although  no  dif- 
ferences were  found  in  extubation  failure  when  comparing 
30-min  and  120-min  T-piece  trials,  tho.se  trials  might  be 
inadequate  to  fully  assess  the  interaction  between  load  and 
capacity.  SBTs  may  precipitate  respiratory  muscle  fatigue 
that  only  becomes  clinically  detectable  after  extubation. 
As  an  example,  5  patients  who  ultimately  required  reintu- 
bation showed  diaphragmatic  fatigue  (assessed  by  dia- 
phragm electromyography )  prior  to  extubation,  despite  hav- 
ing no  signs  of  intolerance  during  a  1-hour  SBT."^-  In 
addition,  up  to  half  of  patients  with  extubation  failure 
show  hypercapnia,  hypoxemia,  or  signs  of  increased  work 
of  breathing  (WOB)  in  the  absence  of  another  detectable 
cause  of  failure. ^^  Therefore,  load-capacity  imbalance  can 
cau.se  extubation  failure,  though  the  prevalence  of  that 
mechanism  remains  inadequately  defined. 

Cardiac  failure  can  also  contribute  to  extubation  failure, 
because  the  change  to  spontaneous  breathing  (ie,  negative 
intrathoracic  pressure)  can  increase  left  ventricular  preload 
and  afterload,'^-*  which  may  explain  why  cardiac-related 


extubation  lailuiv  occurs  less  frequently  with  T-piece  SBT 
than  with  a  partial  support  mode  (ie.  CPAP  or  pressure 
support)  .SBT.^'  When  patients  are  weaned  with  positive 
pressure,  the  heart  is  unloaded  and  may  display  a  higher 
left  ventricular  ejection  fraction  than  during  breathing  af- 
ter extubation.''^  In  contrast,  with  a  T-piece,  unfavorable 
hemodynamic  consequences  of  negative  intrathoracic  pres- 
sure will  occur  priiir  to  extubation.  The  association  be- 
tween cardiac  ischemia  and  weaning  failure  is  well  recog- 
nized, but  any  relationship  with  extubation  failure  remains 
speculative. 

Unlike  weaning  failure,  extubation  failure  can  result 
from  upper  airway  obstruction  or  an  inability  to  manage 
secretions — factors  that  manifest  only  after  removal  of  the 
translaryngeal  ETT.^''  ^"'  Insertion  of  an  ETT  can  produce 
laryngotracheal  injury  (inflammation,  granuloma  forma- 
tion, ulceration,  or  edema),  resulting  in  upper  airway  ob- 
struction from  glottic  or  subglottic  narrowing.  The  risk  of 
laryngotracheal  injury  increases  with  duration  of  intuba- 
tion and  with  female  gender. '^^  If  the  resulting  increa.se  in 
upper  airway  resistance  exceeds  that  related  to  the  ETT, 
WOB  is  higher  after  extubation,  and  extubation  failure 
may  result.  In  fact,  some  studies  have  found  post-extuba- 
tion  WOB  to  be  higher  than  that  seen  with  T-piece.*'**-* 
The  clinical  relevance  of  that  observation  is  uncertain,  as 
most  patients  with  post-extubation  stridor  do  not  require 
reintubation. 

Laryngeal  dysfunction  can  also  lead  to  aspiration  and, 
together  with  expiratory  muscle  weakness  and  consequent 
ineffective  cough,  result  in  inadequate  clearing  of  secre- 
tions from  the  tracheobronchial  tree."^'  In  addition,  one 
third  of  patients  requiring  >  18  hours  of  intubation  have 
defective  airway  protection  mechanisms,  as  evidenced  by 
aspiration  of  radio-opaque  dye.''-*  With  more  prolonged 
mechanical  ventilation  the  incidence  of  swallowing  dys- 
function is  even  higher."  The  mechanisms  underlying  la- 
ryngeal dysfunction  include  the  presence  of  a  nasogastric 
tube,  depressed  mental  status,  and  the  effects  of  sedative/ 
hypnotic  medications.  The  latter  agents  can  contribute  to 
abnormal  mental  status  and  may  further  interact  with  up- 
per airway  obstruction  or  excess  .secretions  to  contribute  to 
extubation  failure  secondary  to  an  inability  to  protect  the 
airway."* 

Outcome  for  Kxtuhation  Failure 


Mechanical  ventilation  is  associated  with  numerous  com- 
plications, including  ventilator-associated  pneumonia,  si- 
nusitis, thromboembolism,  gastrointestinal  bleeding,  and 
laryngotracheal  injury.*''-™  Ventilator-associated  pneumo- 
nia is  the  most  important  of  those,  as  it  is  associated  with 
higher  mortality. ^'^-  There  are  also  data  to  suggest  that 
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Table  2.       Possible  Explanations  for  the  increased  Mortality  Rate 
Seen  with  Extubation  Failure 

Sicker  patient  population  (increased  severity  of  illness,  more  chronic 

disease) 
Direct  complications  of  reinluhation 
Adverse  effect  of  prolonged  mechanical  ventilation 
Clinical  deterioration  between  extubation  and  reintubation 
Marker  of  worse  outcome 


mortality  rises  with  increasing  duration  of  mechanical  ven- 
tilationj^  so  delaying  extubation  might  adversely  affect 
outcome.  As  an  example.  Coplin  et  al  found  that  brain- 
injuied  patients  experiencing  delayed  extubation  had  in- 
creased risk  of  pneumonia,  longer  ICU  stay,  and  greater 
hospital  mortality  than  patients  extubated  within  48  hours 
of  satisfying  criteria  indicating  possible  readiness  for  ex- 
tubation.■'■' 

Many  studies  indicate  that  failed  extubation  is  associ- 
ated with  increased  hospital  mortality.  The  magnitude  de- 
pends on  the  patient  population,  with  rates  of  s  10%  in 
trauma  units,  but  substantially  higher  rates  (up  to  43%)  in 
general  surgical,  cardiothoracic  surgical,  and  medical 
ICUs.''-5'ii2.-y.«.33,35.34.?3  Using  univariate  analysis,  mor- 
tality for  extubation  failure  is  2.5-10  times  that  among 
patients  successfully  extubated.''**'  '■'-■'"2.33  Extubation  fail- 
ure substantially  prolongs  the  duration  of  mechanical  ven- 
tilation, ICU  stay,  and  hospital  stay."'235.38  \^  3^  exam- 
ple, medical  ICU  patients  requiring  reintubation  spent  12 
additional  days  on  mechanical  ventilation,  21  additional 
days  in  the  ICU,  and  30  additional  days  in  the  hospital.-^ 
The  need  for  tracheotomy  is  higher  among  patients  who 
fail  extubation:  approximately  20%  among  reintubated 
medical  ICU  or  multidisciplinary  ICU  patients  vs  62% 
among  reintubated  trauma  patients.-''-'"  The  etiology  of  ex- 
tubation failure  also  influences  outcome,  with  mortality 
lowest  for  airway  problems  (upper  airway  obstruction,  as- 
piration, excess  pulmonary  secretions)  and  highest  with 
reintubation  for  other  reasons."'--^-''--'"* 

A  number  of  hypotheses  have  been  generated  to  explain 
the  high  mortality  seen  with  extubation  failure  (Table  2). 
Using  multivariate  techniques,  2  recent  studies  controlled 
for  severity  of  illness  (acute  physiology  and  chronic  health 
evaluation  [APACHE  II],  simplified  acute  physiology  score 
[SAPS  II]),  chronic  disease,  and  age  and  identified  extu- 
bation failure  as  a  strong  independent  predictor  of  hospital 
death.'"  Reintubation  was  not  found  to  be  an  independent 
predictor  of  mortality  in  a  large  cohort  of  cardiac  surgery 
patients,  but  it  was  associated  with  increased  duration  of 
mechanical  ventilation,  ICU  stay,  and  hospital  stay."  In 
contrast,  in  a  study  of  coronary  artery  bypass  graft  pa- 
tients requiring  ventilation  for  at  least  48  hours,  reintu- 
bation was  observed  to  be  an  independent  predictor  of 
higher  mortality.'" 


Reintubation,  especially  emergency  reintubation,  can  re- 
sult in  many  complications,  including  esophageal  intuba- 
tion, barotrauma,  aspiration  of  gastric  or  oropharyngeal 
contents,  airway  injury,  right  main  bronchus  intubation, 
lobar  collapse  or  atelectasis,  arrhythmia,  and  myocardial 
infarction.^"''"'  The  act  of  reintubation  could  contribute  to 
higher  hospital  mortality  by  increasing  the  risk  of  noso- 
comial pneumonia. ^^  In  fact,  several  investigations  were 
unable  to  show  increased  mortality  attributable  to  compli- 
cations resulting  directly  from  reintubation  after  extuba- 
tion failure."'-"*  Other  complications  of  mechanical  ven- 
tilation increase  with  time  spent  on  the  ventilator.^'  Because 
extubation  failure  substantially  lengthens  the  duration  of 
mechanical  ventilation,-'  excess  mortality  could  result  from 
increasing  exposure  to  potentially  life-threatening  compli- 
cations. Unfortunately,  to  date  research  to  fully  assess  that 
hypothesis  is  inadequate. 

Delay  in  reintubation  may  be  important  because  clinical 
deterioration  can  occur  before  adequate  ventilatory  sup- 
port is  reestablished.  For  example,  the  incidence  of  pneu- 
monia was  lower  in  patients  who  were  immediately  rein- 
tubated than  in  patients  whose  reintubation  was  delayed.'^ 
In  addition,  reanalysis  of  2  older  studies  suggests  that 
mortality  was  higher  when  reintubation  occurred  >  12 
hours  after  extubation."*  ^'^  Similar  findings  were  noted  in  a 
large  international  observational  study  of  >  5,000  patients, 
among  whom  mortality  was  lower  when  reintubation  oc- 
curred within  12  hours  of  extubation."  In  a  study  of  74 
medical  patients  reintubated  within  72  hours  of  extubation, 
mortality  was  lowest  for  those  reintubated  within  12  hours 
and  steadily  increased  with  duration  of  time  to  reestablish- 
ment  of  ventilator  support. ^^^  In  a  multivariate  model  con- 
trolling for  severity  of  illness,  comorbid  conditions,  organ 
failure,  and  cause  of  reintubation,  time  to  reintubation  was 
found  to  be  an  independent  predictor  of  outcome.  In  a 
subsequent  preliminary  report  from  a  prospective  trial,  Ta- 
nios  et  al  found  a  shorter  median  time  to  reintubation  (6  vs 
21  h)  and  lower  hospital  mortality  (20%  vs  43%)  than 
historic  controls.^**  The  very  rapid  (often  immediate)  rein- 
tubation seen  in  the  vast  majority  of  patients  with  failed 
unplanned  extubation  may  explain  why  mortality  does  not 
appear  to  be  higher  for  that  type  of  extubation  failure.^" 

Given  the  competing  risks  of  extubation  delay  and  those 
of  unsuccessful  extubation,  what  constitutes  an  acceptable 
extubation  failure  rate?  In  a  preliminary  report,  and  using 
a  decision  analytic  model.  Cardinal  et  al  detected  no  fixed 
acceptable  rate  when  they  directly  compared  the  risks  as- 
sociated with  extubation  delay  and  those  of  extubation 
failure.""  Of  the  large  number  of  variables  investigated,  the 
rate  of  improvement  in  the  patient's  condition  (ie,  increas- 
ing probability  of  extubation  success)  exerted  the  strongest 
inlluence  on  the  decision  to  extubate.  If  the  probability  of 
extubation  failure  exceeded  5%  and  the  daily  rate  of  im- 
provement was  high,  the  best  approach  was  to  continue 
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mechanical  ventilation,  giving  the  patient  another  day  or  2 
to  improve.  In  contrast,  when  there  was  little  or  no  chance 
of  turlher  inipro\enienl  the  best  strategy  was  cxluhation. 
even  il  the  risk  ot  reintubation  was  elevated. 

Prediction  of  Extubation  Failure 

The  prevalence  of  extubation  failure  and  its  adverse 
effect  on  survival  indicate  that  accurate  prediction  of  ex- 
tubation outcome  is  potentially  important.  Precise  predic- 
tion of  extubation  outcome  may  also  improve  ICU  bed 
management,  because  patients  with  a  high  likelihood  of 
successful  extubation  might  be  appropriate  for  early  trans- 
fer from  the  ICU  after  extubation.  Conversely,  patients 
predicted  to  be  at  high,  but  not  prohibitive,  risk  for  extu- 
bation failure  would  merit  a  longer  period  of  ICU  obser- 
vation to  facilitate  timely  identification  of  clinical  deteri- 
oration and  prompt  reestablishment  of  ventilatory  support. 
Clinicians  typically  simultaneously  evaluate  patient  readi- 
ness for  liberation  from  ventilator  support  and  for  extuba- 
tion, by  performing  an  SBT.  The  SBT  is  performed  only 
after  the  patient  shows  evidence  of  clinical  recovery,  he- 
modynamic stability,  and  has  satisfied  one  or  more  clas- 
sical weaning  predictors.  A  patient  who  tolerates  the  SBT 
is  then  extubated  when  he  or  she  is  deemed  capable  of 
protecting  the  airway  and  managing  respiratory  secretions. 
The  best  method  (ie.  T-piece.  CPAP.  low-level  pressure 
support)  for  conducting  an  SBT  has  been  under  investiga- 
tion, but  no  clear  advantage  of  one  strategy  over  another 
has  been  proven.  Yet  it  is  clear  that  some  form  of  SBT  is 
necessary,  as  37%  require  reintubation  (a  frequency  2-3 
times  that  seen  among  patients  extubated  after  passing  an 
SBT)  if  they  are  directly  extubated  after  satisfying  classi- 
cally applied  screening  criteria.'^' 

When  the  ETT  has  been  in  place  for  a  prolonged  period, 
the  resistive  work  load  can  increase  because  of  tube  nar- 
rowing from  kinking  or  inspissated  secretions.**-  There- 
fore, low  levels  of  pressure  support,  used  to  overcome  that 
imposed  work,  might  best  mirror  the  load  the  patient  will 
face  after  extubation.  In  fact,  Brochard  et  al**'  observed 
that  the  pressure  support  level  required  to  offset  the  im- 
posed load  ranged  from  3-14  cm  H^O.  In  addition,  more 
recent  research  indicates  that  post-extubation  WOB 
equals'*''  or  exceeds*'^*'^  that  seen  with  the  ETT  in  place. 
Under  those  conditions,  the  WOB  during  minimal  pressure 
suppt)rt  might  underestimate  post-extubation  WOB  and 
result  in  an  increased  likelihood  of  extubation  failure. 
Therefore,  breathing  through  a  T-piece  (ie,  unassisted 
breathing)  might  best  approximate  post-extubation  WOB. 
However,  that  was  not  the  case  in  a  large  study  that  found 
no  difference  in  extubation  failure  when  comparing  120- 
min  trials  of  either  T-piece  or  7  cm  H^O  pressure  sup- 
port." In  another  study,  no  difference  was  found  in  extu- 
bation failure  rates  of  patients  randomized  to  T-piece  versus 


those  receiving  CPAP  of  5  cm  HjO.-'  Few  studies  have 
examined  the  effect  of  SBT  duration  on  extubation  out- 
come. In  one  of  the  few  direct  comparisons,  Esteban  et  al 
tV)und  similar  cxliibalion  tailure  rates  for  patients  under- 
going either  3()-min  or  l2()-min  T-piece  trials. '- 

A  major  issue  is  whclhcr  physiologic  measurements  can 
further  improve  extubation  prediction  and,  beyond  that, 
outcome.  Many  classical  predictors  (eg,  negative  inspira- 
tory force,  minute  ventilation,  frequency-tidal  volume 
[f/Vj]  ratio)  were  initially  applied  because  they  were  be- 
lieved to  reflect  the  pathophysiology  of  weaning  failure 
(ie,  an  imbalance  between  respiratory  capacity  and  load). 
Although  capacity-load  imbalance  can  underlie  extubation 
failure,  there  is  abundant  evidence  that  other  etiologies  are 
frequently  responsible.  That  difference  in  pathophysiology 
offers  some  explanation  for  the  observation  that,  for  the 
most  part,  weaning  predictors  are  less  accurate  in  predict- 
ing extubation  outcome  than  in  predicting  weaning  out- 
come. Successful  completion  of  an  SBT  is  associated  with 
a  high  (80-95%)  probability  of  extubation  success.  There- 
fore, even  when  positive  weaning  predictor  results  are 
highly  associated  with  extubation  success,  they  offer  only 
marginal  improvement  from  prediction  based  solely  on 
successful  completion  of  an  SBT.  In  contrast,  the  negative 
predictive  value  of  those  predictors  is  relatively  poor, 
with  s  50%  of  patients  successfully  extubated  (after  a 
successful  SBT)  despite  the  fact  that  the  predictors  sug- 
gested probable  failure.-  '^''■*'^'*'' 

One  ventilatory  variable  that  may  predict  extubation 
outcome  is  the  airway  occlusion  pressure  measured  at  0. 1  s 
after  the  onset  of  inspiratory  effort  (P,, , ),  particularly  when 
normalized  for  maximum  inspiratory  pressure  (Py  i^Pimax)- 
This  strategy  is  of  interest  because  some  ventilators  (tak- 
ing advantage  of  the  time  delay  required  to  open  the  de- 
mand value)  can  provide  on-line  assessment  of  P^  ,.**^  In  a 
retrospective  analysis,  Del  Rosario  et  al  observed  a  higher 
P(i  |/P|iiKix  among  patients  with  extubation  failure  than 
among  those  with  successful  extubation.*'  In  a  prospective 
study,  Capdevila  et  al  found  higher  P,,  i/P|,„.,x  values,  mea- 
sured after  20  min  of  spontaneous  breathing,  among  ex- 
tubated patients  who  later  required  reintubation.'^  Their 
post-hoc  analysis  found  a  positive  predictive  value  of  1 .00 
and  negative  predictive  value  of  0.92.  Those  data  are  en- 
couraging, but  subsequent  prospective  validation  studies 
have  not  yet  been  published. 

P,i  I  measurements  alone  may  not  accurately  identify 
patients  at  risk  for  extubation  failure  from  airway  causes 
that  manifest  only  after  extubation.  Hilbert  et  al  measured 
Pi,  I  in  a  cohort  of  COPD  patients  prior  to  and  90  min  after 
extubation  while  patients  breathed  on  pressure  support  de- 
livered via  full  face  mask.****  These  investigators  found  that 
only  the  post-extubation  P,, ,  accurately  identified  patients 
destined  to  develop  respiratory  distress  after  extubation. 
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WOB  measurements  have  been  used  to  predict  weaning 
outcome,  but  relatively  few  studies  have  evaluated  their 
role  in  predicting  extubation  outcome.  In  2  studies,  ap- 
proximately 90%  of  trauma  patients  with  tachypnea,  dur- 
ing a  CPAP  trial  on  21%  oxygen,  were  successfully  extu- 
bated  if  either  the  total  WOB  was  <  1.1  J/L  or  the 
physiologic  WOB  (total  WOB  minus  imposed  WOB )  was  < 
0.8  J/L."'^''  In  contrast.  Levy  et  al  found  that  9  of  10 
patients  tolerated  extubation  despite  markedly  elevated 
WOB  measured  while  the  patients  breathed  on  minimal 
pressure  support.*^"  It  remains  uncertain  whether  WOB 
measurements  will  identify  patients  who  pass  an  SBT  but 
fail  extubation. 

Two  other  ventilatory  variables  have  recently  been  ap- 
plied to  the  prediction  of  extubation  outcome.  Hubble  et  al 
found  that  a  V^^/V-p  (ratio  of  dead  space  volume  to  tidal 
volume)  of  >  0.65  identified  infants  and  children  at  risk 
for  extubation  failure."'  Uusaro  et  al  found  that  measure- 
ment of  the  gastric-arterial  carbon  dioxide  gradient  im- 
proved prediction  of  extubation  outcome  in  68  critically  ill 
patients."-  The  results  from  these  investigations  are  en- 
couraging, but  the  requirement  for  special  equipment  and 
the  lack  of  confirmatory  studies  argues  against  widespread 
application  of  the  techniques. 

The  risk  of  extubation  failure  rises  when  the  patient  is 
incapable  of  adequately  protecting  the  airway  and  expel- 
ling secretions  with  an  effective  cough.  Traditional  eval- 
uation of  the  airway  has  consisted  of  ensuring  an  adequate 
gag  reflex,  demonstrating  a  strong  cough  using  a  suction 
catheter,  and  by  the  absence  of  "excess"  secretions.  Al- 
though airway  secretions  can  be  detected  by  observing  a 
"sawtooth"  pattern  on  the  flow-volume  curve,  this  does 
not  provide  a  quantitative  assessment. "''  Investigators  have 
found  an  "effective  cough"  to  be  a  predictor  of  extubation 
success,  but  the  definition  of  and  criteria  used  to  identify 
"effective  cough"  were  not  stated.'^  Quantitative  measure- 
ments may  prove  more  useful  in  predicting  extubation 
outcome.  As  an  example,  unassisted  or  assisted  (after  ab- 
dominal thrust  timed  to  glottic  opening)  peak  cough  flows 
predicted  extubation  or  decannulation  outcome  in  patients 
with  predominantly  neuromuscular  disease.*"  Another  ap- 
proach is  to  measure  maximum  expiratory  pressure  with  a 
unidirectional  valve  and  a  25-30-second  expiratory  port 
occlusion  (preventing  expiration  but  not  inspiration). ^^  In 
acute  respiratory  failure  and  in  neurological  patients,  but 
not  in  COPD,  maximum  expiratory  pressure  was  lower  for 
weaning  failure  patients.  A  lower  maximum  expiratory 
pressure,  which  may  signal  increased  risk  of  ineffective 
cough,  independently  predicted  failure  among  neurologi- 
cal patients,  most  of  whom  suffered  extubation  failure. 

Khamiees  et  al  applied  a  semi-objective  assessment 
(made  by  a  single  observer)  of  cough  strength  and  secre- 
tion volume  to  a  cohort  of  medical  patients  who  had  al- 
ready passed  an  SBT.-*^  Patients  with  moderate  or  abun- 


dant secretions  were  8  times  more  likely  to  require 
reintubation  than  patients  with  no  or  small  amounts  of 
secretions.  Similarly,  the  relative  risk  of  extubation  failure 
was  markedly  elevated  for  patients  requiring  endotracheal 
suctioning  every  2  hours  or  less.  The  presence  of  a  weak 
cough  (compared  to  a  strong  cough)  increased  the  likeli- 
hood of  reintubation,  and  the  risk  increased  further  if  the 
weak  cough  was  in  the  presence  of  moderate  or  abundant 
secretions.  In  a  novel  approach,  these  investigators  also 
found  that  an  inability  to  propel  secretions  onto  a  white 
index  card,  placed  near  the  opening  of  the  ETT,  was  highly 
predictive  of  extubation  failure. 

Coplin  et  al  used  a  6-part  semi-quantitative  airway  care 
score  (spontaneous  cough,  gag.  sputum  quantity,  sputum 
viscosity,  suctioning  frequency,  sputum  character)  to  as- 
sess extubation  outcome  in  brain-injured  patients.'-*  The 
airway  care  score  determined  on  the  day  of  extubation  did 
not  predict  the  risk  of  reintubation,  but  2  individual  com- 
ponents (spontaneous  cough  and  suctioning  frequency) 
measured  at  the  time  that  ventilatory  support  was  no  longer 
required  did  predict  eventual  extubation  outcome.  These 
investigators  also  noted  that  a  lower  Glasgow  Coma  Scale 
score  was  not  associated  with  an  increased  risk  of  extu- 
bation failure.  In  contrast,  in  a  study  of  neurosurgical  pa- 
tients, extubation  failure  was  more  likely  when  the  Glas- 
gow Coma  Scale  score  was  <  8.*^ 

Upper  airway  patency  is  difficult  to  evaluate  in  the  pres- 
ence of  an  ETT.  Fisher  and  Raper  noted  the  association 
between  the  absence  of  an  audible  air-leak  after  deflation 
of  the  ETT  balloon  (qualitative  cuff-leak  test)  and  the 
subsequent  development  of  post-extubation  stridor."''  An 
additional  study  found  that  of  94  patients  with  a  leak,  none 
developed  stridor,  whereas  stridor  occurred  in  2  of  6  pa- 
tients without  a  leak."'  Miller  and  Cole  assessed  a  quan- 
titative cuff-leak  test,  measured  within  24  hours  of  extu- 
bation, in  1 00  episodes  of  mechanical  ventilation  in  medical 
patients. •*  The  cuff-leak  volume  was  calculated  as  the  av- 
erage difference  between  inspiratory  and  expiratory  vol- 
ume (after  balloon  deflation),  recorded  for  6  consecutive 
breaths  during  assist  control  ventilation.  With  post  hoc 
analysis,  a  threshold  cuff-leak  volume  of  110  mL  was 
found  to  be  predictive  of  post-extubation  upper  airway 
obstruction.  In  a  subsequent  study  of  1 10  trauma  patients, 
a  cuff  leak  of  <  10%  of  the  delivered  V^  predicted  in- 
creased risk  of  post-extubation  stridor,  with  or  without  the 
need  for  reintubation."**  On  the  other  hand.  Engoren""  eval- 
uated the  quantitative  cuff-leak  test  determined  prior  to 
extubation  in  524  postoperative  cardiothoracic  surgical  pa- 
tients and  found  that,  though  3  patients  with  leak  vol- 
umes >  1 10  mL  developed  stridor,  upper  airway  obstruc- 
tion did  not  develop  in  the  20  patients  who  had  positive 
cuff-leak  test  (leak  <  1 10  mL).  Secretions  on  the  outside 
of  the  ETT  may  explain  some  of  the  false  positive  test 
results  observed  in  that  study.  The  effect  of  the  cuff-leak 
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test  on  overall  outcome  may  be  liiniteiJ.  because  reintuba- 
tion  is  required  in  less  than  half  the  patients  who  develop 
post-exlubation  stridor,  and  the  mortality  among  those  need- 
ing reintubation  is  similar  to  that  of  successfully  extubated 
patients.  Although  further  study  of  the  quantitative  cuff- 
leak  test  is  warranted,  it  would  seem  prudent  to  have  an 
expert  in  airway  management  (with  the  skill  to  perform 
emergency  tracheotomy)  available  when  a  patient  with  a 
positive  test  is  to  be  extubated. 

Careful  observation  of  oxygenation,  ventilation,  hemo- 
dynamics, and  nonspecific  signs  of  increased  WOB  are 
used  to  assess  tolerance  during  an  SBT.  and  trends  in  those 
variables  might  better  predict  extubation  outcome.  Esteban 
et  al  investigated  4  ventilatory  variables  (respiratory  fre- 
quency, heart  rate,  systolic  arterial  pressure,  and  oxygen 
saturation)  recorded  every  15  min  during  either  a  T-piece 
or  pressure  support  trial."  '-  Changes  in  those  variables 
did  not  distinguish  patients  who  eventually  required  rein- 
tubation. when  analyzed  using  the  incremental  area  under 
the  curve.  One  explanation  is  that  those  routinely  mea- 
sured variables  may  not  accurately  detect  incipient  respi- 
ratory muscle  fatigue,  which  could  culminate  in  extubation 
failure.'-  El-Khatib  et  al  analyzed  the  pattern  of  sponta- 
neous breathing  by  determining  the  breath-to-breath  vari- 
ability in  peak  flow  and  Vj,  using  the  coefficient  of  vari- 
ation, the  breathing  pattern  dimension,  and  the  Kolmogov 
entropy.-^  Extubation  failure  patients  had  a  less  regular 
and  more  chaotic  breathing  pattern  than  did  patients  who 
tolerated  extubation. 

Treatment  of  Extubation  Failure 


level  NPPV  prevented  reintubation  in  II  of  19  patients 
with  post-extubation  respiratory  distress  in  a  prospective, 
but  uncontrt)llcd,  study.""  .Similarly,  in  an  uncontrolled 
investigation,  mask  or  nasal  CPAP  or  bi-level  NPPV  pre- 
vented reintubation  in  52  of  72  trauma  patients  with  post- 
extubation  hypoxemia.'"''  A  case  control  study  of  nonin- 
vasive pressure  support  compared  3(J  COPD  patients  with 
hypercapnic  respiratory  failure  within  72  hours  of  extuba- 
tion to  30  historical  matched  controls  managed  with  tra- 
ditional strategies.'"^  In  that  analysis  fewer  NPPV  patients 
required  invasive  ventilation  (20%  vs  67%),  the  ICU  stay 
was  shorter,  and  there  was  a  trend  toward  better  survival. 
In  contrast,  a  preliminary  report  of  a  randomized  con- 
trolled trial  found  no  difference  in  reintubation  rates  or 
mortality  among  patients  with  post-extubation  respiratory 
failure  randomized  to  either  NPPV  or  standaid  care.'"'' 
The  70%  reintubation  rate  in  that  investigation  suggests 
that  "late""  application  of  NPPV  may  be  ineffective;  there- 
fore, earlier  intervention  may  be  warranted.  Yet  in  a  ran- 
domized controlled  study  of  all  extubated  patients  (includ- 
ing those  with  unplanned  extubations),  no  difference  was 
found  in  the  likelihood  of  extubation  failure  when  com- 
paring patients  treated  with  immediate  post-extubation  bi- 
level  NPPV  versus  oxygen  therapy  alone. '"^  Using  a  dif- 
ferent approach,  a  preliminary  report  on  52  patients  at 
increased  risk  of  extubation  failure  found  that  those  ran- 
domized to  NPPV  (at  least  6  h/d)  had  lower  reintubation 
rates  (8%  vs  25%)  and  significantly  lower  ICU  mortality 
(0%  vs  18%).'°*  Larger  randomized  controlled  trials  ex- 
amining the  role  of  NPPV  in  patients  exhibiting  early  signs 
of  extubation  failure  are  not  yet  available. 


When  signs  of  extubation  failure  occur,  treatment  aimed 
at  the  specific  cause  of  failure  should  be  instituted  and 
efficacy  assessed  as  rapidly  as  possible.  When  these  ef- 
forts prove  ineffective,  ventilatory  support  must  be  rees- 
tablished. Because  reintubation  is  an  invasive  procedure, 
physicians  may  delay  reinsertion  of  the  ETT  when  only 
early  signs  of  distress  are  present.  On  the  other  hand, 
noninvasive  positive-pressure  ventilation  (NPPV).  applied 
via  either  full  face  mask  or  nasal  mask,  has  the  potential 
for  effective  and  early  application.  Two  studies  indicate 
that  NPPV  can  be  effectively  used  to  facilitate  weaning 
from  mechanical  ventilation,  especially  for  COPD  pa- 
tients.'""'"' Until  recently,  investigations  of  NPPV  as  treat- 
ment for  extubation  failure  consisted  of  uncontrolled,  case- 
controlled,  or  randomized  controlled  designs  in  which 
extubation  failure  was  studied  exclusively  or  as  a  sub- 
group of  a  larger  cohort.  Uncontrolled  and  controlled  stud- 
ies, with  subgroup  analysis,  suggest  that  NPPV  can  obvi- 
ate reintubation  in  more  than  60%  of  extubation  failures. 
In  the  largest  observational  study,  NPPV  was  effective  in 
26  of  39  patients  (17  with  COPD),  with  post-extubation 
hypercapnic  respiratory  failure.'"-  Application  of  nasal  bi- 


Summary 

Extubation  failure  is  a  frequent  event,  with  the  exact 
prevalence  depending  on  numerous  factors.  The  patho- 
physiologic basis  for  extubation  failure  is  often  different 
from  the  causes  that  contribute  to  weaning  failure.  Unlike 
weaning  failure,  which  has  not  been  convincingly  shown 
to  adversely  impact  outcome,  extubation  failure  results  in 
an  increase  in  the  duration  of  mechanical  ventilation.  ICU 
stay,  and  hospital  stay,  and  substantially  increases  hospital 
mortality.  Therefore,  in  contrast  to  weaning,  prediction  of 
extubation  outcome  and  prevention  of  extubation  failure 
may  be  critically  important.  Unfortunately,  standard  "wean- 
ing tests"  have  not  proven  sufficiently  accurate  in  predict- 
ing extubation  outcome.  Mortality  increases  with  reintu- 
bation delay,  indicating  that  clinical  worsening  may  take 
place  during  the  period  without  ventilatory  support.  There- 
fore, improved  outcome  may  derive  from  rapid  identifica- 
tion of  patients  at  increased  risk,  followed  by  expeditious 
reinstitution  of  ventilatory  support  when  extubation  failure 
occurs. 
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Several  key  research  questions  remain  to  be  answered. 
How  can  the  daily  rate  of  improvement  (ie,  probability  of 
extubation  success)  be  measured  and  how  can  it  be  mod- 
ified? What  are  the  best  easily  determined  predictors  of 
extubation  outcome  and  how  can  they  be  applied  at  the 
bedside?  And  what  is  the  role  of  NPPV  in  preventing 
extubation  outcome? 
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Discussion 

Durbin:  One  of  my  concerns  with 
the  endotracheal  tube  cuff-leak  test  is 
that  the  amount  of  air  leak  is  intlu- 
enced  by  the  ratio  of  endotracheal  tube 
size  to  the  patient's  trachea.  A  large 
tube  in  small  patient  or  small  tube  in 
a  large  patient  will  certainly  influence 
the  amount  of  leak  observed.  I  agree 
with  you  that  it"s  not  a  very  sensitive 
test  for  predicting  bad  outcomes,  al- 
though it"s  pretty  reliable  for  predict- 
ing good  outcomes.  However,  in  a  pa- 
tient with  a  mismatched  tube  the  test 
is  not  helpful. 

Epstein:  1  completely  agree.  That 
is  one  flaw  of  those  studies — that  en- 
dotracheal tube  size  is  not  reported. 

Campbell:  One  thing  you  didn't 
discuss  was  the  extubation  procedure 
itself.  The  majority  of  extubations  in 
our  hospital  are  done  by  respiratory 
therapists  and,  depending  on  what 
school  or  hospital  the  therapist  comes 
from,  there's  a  lot  of  variation  about 
what  people  believe  to  be  the  best  way 
to  get  the  tube  out.  Is  there  a  possi- 
bility that  extubation  failure  could  be 
the  result  of  poor  extubation  tech- 
nique? We  talk  about  the  high  skill 
level  a  person  needs  to  place  a  tube. 
but  we  never  really  talk  about  the  skill 
necessary  to  remove  one. 

Epstein:  One  reason  I  didn't  ad- 
dress that  is  that  there  are  just  no  data. 
I  can  tell  you  what  we  do.  The  only 
thing  we  do  that  may  not  be  standard 
is  that  in  addition  to  suctioning  the 
airway  carefully  we  leave  the  suction 
catheter  in  and  then  keep  suctioning 
as  we  deflate  the  cuff,  because  that 
space  between  the  vocal  cords  and  the 
cuff  accumulates  secretions  and  it's 
our  belief — without  any  data  whatso- 
ever— that  when  you  deflate  the  cuff 
those  secretions  may  drop  into  the  air- 
way and  may  lead  to  extubation  fail- 
ure. So  we  maintain  suction  as  we're 
removing  the  endotracheal  tube,  in 
hopes  that  that  w  e '  re  suctioning  at  least 


some  of  those  secretions,  although 
that's  a  completely  empirical  ap- 
proach. To  my  knowledge  no  one  has 
studied  the  extubation  procedure  in 
any  good  way. 

Campbell:  I  have  a  comment  about 
that,  because  1  endorse  the  opposite 
technique.  That  is,  I'm  not  a  big  fan  of 
having  the  suction  catheter  in  the  air- 
way as  the  tube  is  being  removed,  be- 
cause I'm  not  sure  that  you  can  re- 
move all  the  secretions  that  are  coming 
down  along  the  side  walls.  The  suc- 
tion catheter  is  probably  against  one 
side  of  the  trachea.  The  technique  I 
endorse  is  to  keep  the  bag  hooked  up 
to  the  tube  and  give  a  maximal  infla- 
tion so  that  when  you  remove  the  tube 
with  the  bag  connected,  the  lungs  are 
full.  So  if  anything  is  going  to  happen 
the  lungs  can  empty  and  that  will  push 
the  secretions  up  into  the  upper  air- 
way where  the  patient  can  cough  them 
out.  Though  I  agree  there  are  no  real 
data. 

Epstein:  That's  an  interesting  con- 
cept. I  will  say  this:  We  try  to  take 
into  account  the  length  of  the  endo- 
tracheal tube  and  put  the  suction  cath- 
eter in  so  it's  barely  protruding,  be- 
cause we  don't  want  to  cause  airway 
injury  as  we're  removing  the  tube.  I 
thmk  that  will  get  the  secretions  that 
are  mobile.  I  would  think  that  you're 
unlikely  to  mobilize  the  secretions 
stuck  along  the  trachea  wall  anyway, 
with  that  inflation  method.  So  we  don't 
really  know.  It  would  be  an  interest- 
ing study.  Also  what  I  have  not  seen 
done  is  a  study  of  whether  subglottic 
suction  affects  extubation  outcome. 
Subglottic  suction  may  reduce  the  risk 
of  ventilator-associated  pneumonia, 
but  whether  it  reduces  the  risk  of  ex- 
tubation failure.  I  don't  know.  That 
might  help  answer  the  question. 

Durbin:  Let  me  compliment  you 
on  your  description  of  the  problems  in 
evaluating  the  data  on  the  effects  of 
reintubation.  You've  done  some  ex- 
cellent primary  work,  and  I'm  im- 


pressed with  it.  I  still  am  not  sure  what 
the  real  issue  is:  whether  reintubation 
occurs  more  frequently  in  patients  who 
are  sicker  and  therefore  have  a  higher 
mortality  because  they  are  sicker  and 
also  require  reintubation,  or  if  the  re- 
intubation itself  carries  increased  mor- 
tality. In  a  couple  of  the  studies  you 
reviewed,  if  you  look  at  the  patients 
who  were  never  extubated.  they  had 
the  worst  mortality.  They  were  sicker 
and  everybody  knew  it.  so  they  never 
got  an  extubation  trial.  One  interpre- 
tation of  that  observation  would  be 
that  maybe  even  those  patients  not 
meeting  the  extubation  criteria  deserve 
the  opportunity  to  be  extubated.  It  is 
possible  they  may  have  done  better, 
even  if  most  of  them  required  reintu- 
bation. I've  never  really  been  able  to 
sort  out  these  cause-and-effect  issues 
in  any  of  the  published  reports. 

Epstein:  Those  are  good  observa- 
tions. I  think  one  thing  to  remember  is 
that,  if  you  look  at  studies  that  we've 
done,'-  and  those  of  Esteban,'-*  the 
patients  who  get  extubated  are  those 
who  have  by  almost  every  measure 
recovered  from  acute  respiratory  fail- 
ure. Their  severity  of  illness  has 
dropped  substantially  and  they've 
passed  an  SBT.  so  they  look  great, 
and  then  they're  getting  extubated.  So 
I  believe  there  is  some  etiologic  rela- 
tionship between  failing  extubation 
and  outcome.  I'm  sure  it  doesn't  ex- 
plain all  the  mortality,  but  I  think  it 
explains  some. 

I  will  say  that  when  we  did  the  in- 
terim analysis  from  our  randomized 
controlled  trial,  we  found  that  mortal- 
ity among  patients  requiring  intuba- 
tion has  dropped  dramatically,  but  so 
has  the  time  to  reintubation.  In  the 
original  obser\alional  study  we  pub- 
lished, the  median  time  to  reintuba- 
tion was  21  hours  and  mortality  was 
43%.-  In  the  randomi/ed  controlled 
trial,  the  median  time  to  reintubation 
was  6  hours  ami  the  niortalit\'  was 
209!-.^  We  haven't  done  a  multiple  re- 
gression analysis  to  make  sure  that  that 
can't  be  explained  by  some  other  fac- 
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tor.  I  think  it's  interesting  nonethe- 
less. The  data  from  Nava's  group"  to 
me  suggests  there  is  some  truth  to  that 
idea,  because  by  applying  noninvasive 
ventilation  they  were  able  to  improve 
outcome  by  preventing  extubation  fai  1  - 
ure.  I  think  there  is  some  support  for 
that.  I  think  the  Esteban  trial  may  help 
answer  the  question. 
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Hurford:  What  do  you  think  ex- 
plains the  difference  in  reintubation 
rates  between  medical  and  surgical 
units?  The  difference  is  quite  dramatic. 

Epstein:  1  think  the  explanation  is 
easy.  Surgeons  and  anesthesiologists 
are.  in  general,  much  more  facile  with 
managing  the  airway  than  medical  in- 
tensivists.  I  don't  think  there's  any 


question  about  that.  I'm  not  saying  that 
individual  medical  inlensivists  cannot 
be  experts  in  airway  management,  but 
in  my  experience,  at  least  in  the  United 
States.  1  think  there's  a  spectrum.  1 
think  surgeons  and  anesthesiologists 
are  much  more  likely  to  reintubate  ear- 
lier because  they  feel  much  more  coin- 
petent  in  the  technique.  Some  medical 
intensivists  might  hesitate  because 
they're  not  as  confident  of  their  abil- 
ity to  reestablish  the  airway.  Also,  hav- 
ing to  reintubate  suggests  that  the  cli- 
nician was  wrong  in  the  decision  to 
extubate.  But  if  you  are  able  to  re- 
verse that  patient  with  nitroglycerine, 
lasix,  bronchodilators,  and  chest  phys- 
iotherapy, and  the  patient  turns  around 
and  does  well,  you  can  say,  "I  made 
the  right  decision:  1  got  the  patient 
extubated."  1  think  those  factors  lead 
at  least  some  medical  intensivists  to 
delay  reintubation,  and  1  think  that  may 
be  the  wrong  thing  to  do. 

Hurford:  Is  ihe  mortality  rate  or 
fatality  risk  associated  with  reintuba- 
tion lower  in  the  surgical  population 
than  in  the  medical  population?  Or  do 
both  share  the  same  risk  of  badness 
with  reintubation? 

Epstein:  The  original  data  on  that 
was  published  by  Roger  Demling.  1 
think,  who  is  a  burn  surgeon  at  the 
Harvard  program,  and  found  a  very 
high  mortality  rate.'  But  he  did  not 
have  a  control  group.  He  didn't  look 
at  the  mortality  rate  for  the  other  group 
of  patients.  In  the  Esteban  study--*  they 
had  patients  who  were  both  surgical 
and  medical,  although,  to  my  knowl- 
edge, they  did  not  break  it  down.  I'm 
not  sure  1  can  really  answer  your  ques- 
tion. A  study  in  Critical  Care  Medi- 
cine of  a  large  group  of  cardiothoracic 
patients  found  mortality  higher  among 
patients  who  failed  extubation.^  That 
study  included  about  1.^,000  patients. 
The  mortality  rate  for  patients  failing 
extubation  was  higher,  although  when 
the  researchers  did  a  multiple  regres- 
sion analysis,  they  found  it  was  not  an 
independent  predictor,  although  extu- 


bation did  predict  a  longer  length  of 
ICU  stay.  In  another  study,  recently 
published  in  Chest,  it  looked  like  ex- 
tubation failure,  at  least  in  the  surgical 
population,  was  a  predictor  of  higher 
mortality."* 
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Pierson:  On  that  same  point,  I  just 
wonder  if  extubation  delay  and  rein- 
tubation rates  in  all  ICUs  aren't  mark- 
ers of  numbers  of  organ  systems  in- 
volved and  complexity  of  underlying 
medical  conditions. 

Epstein:  Its  possible.  I  can  only 
quote  from  my  own  data,  which  match 
those  from  Esteban  in  that  v\e  com- 
pared patients  who  had  passed  an  SBT. 
In  fact,  there  was  very  little  difference 
between  the  severity  of  illness  among 
the  patients  who  were  successfully  ex- 
tubated and  those  w  ho  failed.  So  1  think 
there's  more  to  it  than  just  that.  In  the 
Coplin  group's  study,  their  take  was 
that  it  wasn't  so  much  multiple  organ 
failure  but  rather  the  patient's  mental 
status.'  A  low  Glasgow  Coma  Scale 
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score  led  the  clinicians  to  delay  extu- 
bation.  Actually,  they  showed  little 
data  in  the  report  to  support  that  idea. 
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Curtis:  I  want  to  follow  up  on  Dave 
Pierson"s  question.  Dave.  I  think  you 
were  asking  about  the  difference  be- 
tween medical  intensivists  and  sur- 
geons in  teims  of  reintubation  rates? 

Pierson:  And  the  differences  be- 
tween medical  and  surgical  patients. 

Curtis:  Right.  And  that  was  my 
response  too.  You  can  see  the  medical 
intensivists  rising  to  the  challenge 


about  whether  part  of  the  reason  is 
that  we  delay  reintubating.  Obviously, 
the  COPD  patient  who's  very  mar- 
ginal, who  will  always  be  marginal,  is 
going  to  be  at  higher  risk  for  reintu- 
bation than  many  of  the  surgical  pa- 
tients. But  one  way  you  could  look  at 
that  question  would  be  to  restrict  it  to 
just  patients  with  acute  respiratory  dis- 
tress syndrome,  for  example,  or  pa- 
tients who  are  similar  not  only  in  se- 
verity of  illness  but  also  in  underlying 
lung  disease,  and  see  whether  those 
rates  are  different.  Do  you  know  if 
anyone  has  ever  looked  at  that? 

Epstein:  Not  that  specifically.  In 
our  study,  and  those  of  Esteban,  the 
patient  was  categorized  as  to  whether 
respiratory  failure,  cardiac  failure,  or 
neurologic  failure  necessitated  the  in- 
tubation. Those  were  not  independent 
predictors,  but  as  far  as  looking  at  a 
specific  disease  type,  such  as  acute 


lung  injury,  lo  my  knowledge  that's 
not  been  done.  What  1  don't  know  is 
whether  the  ARDS  Network'  has  data 
on  extubation.  That  would  be  a  great 
place  to  look  at  it  because  there,  for 
the  most  part,  you'd  like  lo  be  using  a 
weaning  protocol  to  standardize  the 
care  patients  receive.  So  something 
like  the  ARDS  Network  could  pro- 
vide that  kind  of  data.  In  the  Esteban 
study  there  will  be  l.OOO  patients,  so 
in  a  subgroup  analysis  it  might  be  pos- 
sible, although  you'd  like  it  prospec- 
tively designed  that  way.  In  the  Es- 
teban study  there  is  a  separate 
randomization  for  COPD.  There,  of 
course,  the  belief  is  that  we  know  non- 
invasive ventilation  works  for  COPD 
and  acute  respiratory  failure. 
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In  the  critical  care  setting,  usually  the  most  important  outcome  is  survival.  However,  this  is  not  the 
only  important  outcome  of  critical  care.  There  are  increasing  data  that  the  patient's  quality  of  life 
and  functional  status  can  be  affected  long  after  an  intensive  care  unit  stay,  and  some  data  suggest 
that  mechanical  ventilation  strategies  could  influence  those  outcomes.  Critical  care  clinicians'  de- 
cisions regarding  mechanical  ventilation  and  related  treatments  such  as  level  of  sedation  might  have 
more  profound  and  far-reaching  residual  effects  than  has  been  previously  recognized.  To  deliver 
effective,  cost-effective,  and  patient-centered  care,  critical-care  clinicians  must  consider  outcomes 
other  than  survival.  These  outcomes  include  such  diverse  concepts  as  quality  of  life,  functional 
status,  and  neuropsychological  function.  This  review  addresses  theoretical  and  practical  challenges 
to  measuring  and  interpreting  those  other  outcomes.  Key  words:  mechanical  veniilation.  critical  care, 
intensive  care,  quality  of  life,  health  status,  functional  status,  neuropsychologic,  post-traumatic  stress 
disorder,  quality  of  dying.     [Respir  Care  2002;47(4):496-505] 


Introduction 

In  the  past,  research  concerning  the  outcomes  of  me- 
chanical ventilation  often  focused  on  physiologic  end  points 
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such  as  oxygenation  and  ventilation,  and  clinical  end  points 
such  as  extubation  rates,  intensive  care  unit  (ICU)  sur- 
vival, and  hospital  survival.  Such  outcomes  are  very  ap- 
propriate for  many  critical  care  studies  concerning  me- 
chanical ventilation,  because  of  the  high  short-term 
mortality  and  life-threatening  physiologic  abnormalities  in 
those  patients.  However,  there  is  increasing  evidence  that 
mechanical  ventilation  strategies  and  related  critical  care 
treatments  such  as  sedation  may  have  important  effects, 
not  just  on  short-term  physiology  and  survival,  but  also  on 
long-term  survival  and  the  quality  of  that  survival.  For 
example,  recent  studies  suggest  that  survivors  of  acute 
respiratory  distress  syndrome  ( ARDS)  ha\e  markedly  lower 
quality  of  life  than  individuals  with  comparable  critical 
illness  but  no  ARDS,'  Furthermore,  patients  with  sepsis 
may  survive  to  hospital  discharge  but  have  ongoing  dec- 
rements in  survival  for  years,  which  seems  to  result  from 
the  critical  illness  rather  than  the  underlying  medical  prob- 
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lems.-  Also,  recent  stuilies  suggest  that  some  mechanical 
ventilation  strategies  may  cause  the  generalized  inflamma- 
tion or  "hiotrauma"  that  worsens  lung  injury  and  produces 
multiple  organ  failure.'  ^  Finally,  there  is  growing  evi- 
dence that  mechanical  ventilation  strategies  affect  long- 
term  cognitive  function''  and  influence  the  incidence  of 
post-traumatic  stress  disorder."  ''  This  suggests  that  me- 
chanical Ncntilation  strategies  may  influence  not  just  organ 
function  and  short-term  survival,  but  also  long-term  sur- 
vival and  quality  of  life.  These  studies,  in  combination, 
suggest  that  clinical  re.search  on  mechanical  ventilation 
should  expand  its  horizons  and  look  at  some  of  the  longer- 
term  outcomes  of  critical  care,  if  we  are  to  maximize 
survi\  al  and  the  quality  of  that  survival  for  our  patients. 

Survival  is.  in  most  situations,  the  most  important  out- 
come for  critical  care  research  concerning  mechanical  ven- 
tilation, because  the  mortality  rate  of  critically  ill  patients 
is  high  and  the  general  goal  of  most  critical  care  therapy  is 
to  have  the  patient  survive  a  critical  illness  or  injury.  How- 
ever, long-term  critical  care  outcomes  must  not  be  limited 
to  survival  alone.  Other  outcomes  that  are  important  to 
patients  and  their  families  include  quality  of  life,  func- 
tional status,  and  freedom  from  pain  and  other  symptoms. 
Much  has  been  written  about  increasing  the  focus  of  med- 
ical research  on  such  "patient-centered"  outcomes.'"  which 
became  increasingly  popular  in  the  1980s  and  early  1990s 
in  assessing  treatments  for  chronic  diseases."'-  The  last 
decade  has  seen  an  explosion  of  the  use  of  those  outcomes 
in  critical  care  research,  although  the  quality  of  the  studies 
has  been  variable." 

Clinical  researchers  assessing  the  outcomes  of  mechan- 
ical ventilation  cannot,  and  should  not.  measure  every  out- 
come in  every  study,  for  2  reasons.  First,  a  study  that 
measured  all  possible  outcomes  would  be  too  cumbersome 
to  conduct.  Second,  not  all  outcomes  are  relevant  in  all 
studies.  The  present  review  describes  the  long-term  and 
patient-centered  outcomes  of  mechanical  ventilation,  iden- 
tifies important  issues  and  pitfalls  in  measuring  those  out- 
comes, and  identifies  the  situations  in  which  those  out- 
comes may  be  more  or  less  important.  The  outcomes 
addressed  include  mortality,  physiologic  outcomes,  qual- 
ity of  life,  functional  status,  symptoms,  cognitive  and  neu- 
ropsychologic outcomes,  and  the  quality  of  death. 

Measurement  of  Mortality 

Mortality  seems  like  the  most  straightforward  and  least 
controversial  outcome  for  research  on  mechanical  venti- 
lation: it  should  be  easy  to  define  and  measure,  and  it  is 
very  important  to  patients  and  their  families.  The  major 
methodological  issue  is  when  to  assess  mortality.  Possi- 
bilities include  survival  to  extubation.  ICU  survival,  hos- 
pital survival,  fixed  time  survival  (eg.  30  d,  6  mo.  1  y).  and 
total  time  to  death.  Table   1   lists  some  of  the  common 


mortality  mUcomes  antl  the  lime  Iranic  in  which  they  are 
assessed.  Comparing  mortality  between  2  treatment  op- 
tions can  also  be  done  using  the  absolute  risk  reduction, 
the  relative  risk  reduction,  and  the  nuniber-necded-to-treat 
to  save  one  life,  all  of  which  provide  important  and  com- 
plementary information.  The  "correct"  mortality  end  point 
depends  on  the  specific  research  question,  the  mechanisms 
and  timing  of  the  disease  and/or  treatment  under  study, 
and  the  study  design.  There  are,  however,  some  important 
general  features  to  consider  with  each  type  of  mortality 
assessment. 

ICU  and  hospital  survival  have  become  increasingly 
problematic  end  points  as  our  practice  patterns  have 
changed  in  the  past  20  years.  Increasing  proportions  of 
patients  receiving  intensive  care  are  having  life-supporting 
therapy  (eg,  mechanical  ventilation)  withdrawn  prior  to 
death. '••  There  are  substantial  geographic  and  interhospital 
differences  in  the  proportion  of  patients  who  have  me- 
chanical ventilation  or  ICU  care  withheld.'''"'  Differences 
in  hospital  practices  regarding  extubating  patients  who  are 
expected  to  die  will  obviously  affect  rates  of  survival  to 
extubation.  Hospitals  that  routinely  discharge  patients  from 
the  ICU  to  die  on  the  hospital  wards  will  have  lower  ICU 
mortality  than  either  ( 1 )  hospitals  that  do  not  withdraw  life 
support  but  instead  allow  patients  to  die  on  life  support  or 
(2)  hospitals  that  withdraw  life  support  but  do  not  transfer 
patients  out  of  the  ICU.  Similarly,  the  availability  of  sub- 
acute care  facilities  for  chronically  ventilator-dependent 
patients  may  lower  the  apparent  hospital  mortality  because 
some  patients  who  would  die  in  the  hospital  after  pro- 
longed mechanical  ventilation  are  discharged  to  subacute 
care  facilities  and  die  there  instead.'^"*  Survival  to  dis- 
charge from  the  ICU  or  hospital  may  not  be  an  important 
outcome  to  patients  if  they  are  to  spend  the  remainder  of 
their  lives  dependent  on  mechanical  ventilation  and  skilled 
nursing  care.  Though  those  survival  end  points  are  still 
important,  investigators  need  to  define  and  state  the  prac- 
tice patterns  at  the  studied  institution  so  that  readers  can 
understand  the  effect  on  study  results  of  withdrawing  life 
support  or  discharging  to  subacute  facilities. 

Using  survival  to  a  fixed  time,  such  as  .^0  days  or  6 
months,  may  avoid  the  problems  of  using  hospital  or  ICU 
discharge  as  the  study  end  point,  but  .^O-day  survival  is 
less  meaningful  for  a  disease  process  with  a  median  ICU 
length  of  stay  greater  than  .30  days.  For  example.  30-day 
survival  might  not  be  a  meaningful  outcome  in  the  study 
of  mechanical  ventilation  strategies  for  the  fibroprolifera- 
tive  phase  of  ARDS.  because  at  30  days  many  patients 
may  still  be  in  the  ICU  on  mechanical  ventilation.'''  Using 
1-year  survival  might  avoid  many  of  the  problems  high- 
lighted above,  but  it  would  not  be  a  sensitive  outcome  for 
mechanical  ventilation  strategies  in  patients  with  underly- 
ing life-limiting  or  terminal  diseases.  For  example.  1-year 
survival  wouki  not  be  a  sensitive  outcome  for  the  studv  of 
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Table  1. 


Commonly  Used  Outcomes  for  Observational  Outcomes  Research  and  the  Most  Appropriate  Points  in  Time  for  Measuring  Those 
Outcomes 


Site  of  Measurement 


Outcomes 


ICU 


Hospital 


Long-Term 


Mortality 

ICU 

Hospital 

30-day 

6-month 

Time  to  death 
Patient/Family- Assessed 

Quality  of  life  and  health-related  quality  of  life 

Functional  status 

Symptoms 

Satisfaction  with  care 
Process  of  Care 

Processes  known  to  improye  outcomes  (eg,  DVT  prophylaxis) 

Reintubation/ICU  readmission 
Economic  Outcomes 

ICU/hospital  costs 

TISS 

Post-lCU  health  care  costs 

Loss  of  employment 
Quality  of  Death 

Satisfaction  with  end-of-life  care 

Concordance  between  care  and  patient's  wishes 

Support  for  family 

Pain/suffering/anxiety 


ICU  -  inlensive  care  unit 

DVT  =  deep  venous  thrombosis 

TISS  =  Therapeutic  Intervention  Scoring  System 


X 
X 


X 
X 

X 
X 

X 
X 


X 
X 
X 
X 


X 
X 


X 
X 


X 

X 


X 
X 
X 
X 


X 
X 

X 
X 
X 
X 


X 
X 


X 
X 
X 


mechanical  ventilation  among  patients  with  hematological 
malignancy:  those  patients  may  survive  the  ICU  to  go 
home  with  a  good  quality  of  life  for  several  months  but  die 
of  the  underlying  disease  within  a  year. 

Survival  can  also  be  analyzed  with  survival  analysis 
techniques  in  which  the  actual  survival  time  is  the  end 
point  rather  than  survival  to  a  specific  point  in  time.  This 
has  some  advantages  over  the  fixed-time  survival  meth- 
ods, but  is  also  problematic  for  some  types  of  research 
questions.^"  For  example,  in  a  large  study  of  patients  with 
high  short-term  mortality,  a  survival  analysis  may  find  a 
statistical  difference  between  a  group  with  a  median  sur- 
vival of  15  days  and  a  group  with  a  median  survival  of  25 
days.  Patients  and  their  families,  however,  may  not  feel 
that  represents  an  important  improvement  in  survival,  es- 
pecially if  the  time  is  spent  in  the  hospital. 

In  general,  the  correct  mortality  end  point  depends  on 
the  mechanisms  of  the  disease  process  and  the  expected 
effect  of  the  treatment.  Investigators  must  choose  the  end 
point  that  seems  most  relevant  for  the  specific  research 
question.  However,  it  is  important  to  note  that  assumptions 
about  the  disease  process  should  be  tested.  For  example. 


early  sepsis  studies  assumed  that  major  mortality  due  to 
sepsis  would  occur  within  14-30  days  from  the  onset  of 
illness,-'  but  longer-term  studies  showed  that  there  was 
ongoing  mortality,  for  substantially  longer  than  30  days, 
related  to  sepsis  and  its  complications.-  --  Thus,  a  study  of 
ventilator  strategies  in  patients  with  sepsis  that  targets  30- 
day  mortality  may  miss  some  important  changes  in  mor- 
tality in  the  subsequent  months.  Similarly,  recent  data  sug- 
gest that  survival  after  ARDS  continues  to  decline  even 
after  6  months  among  those  patients  with  sepsis  as  the  risk 
factor  for  ARDS,  whereas  survival  seems  relatively  stable 
after  6  months  if  trauma  is  the  risk  factor  for  ARDS.-' 
That  difference  in  ongoing  mortality  according  to  ARDS 
risk  factor  persists  even  after  controlling  for  underlying 
comorbid  diseases,  which  suggests  that  perhaps  ventilation 
strategies  influence  survival  beyond  6  months  among  pa- 
tients with  ARDS  from  sepsis. 

Not  all  studies  of  mechanical  ventilation  strategies  for 
critically  ill  patients  can  or  should  examine  long-term  sur- 
vival. However,  if  ventilator  strategies  that  reduce  bio- 
trauma  or  decrease  the  incidence  of  organ  failure  might 
impact  long-term  survival,  then  some  studies  must  assess 
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those  effects  if  \\c  arc  going  to  full)  imdcrstaiKl  liic  po- 
tential long-term  benefits  of  mechanical  \entilaiion  sirai- 
egies. 

Physiologic  Outcomes 

As  a  general  rule,  physiologic  outci>mes  arc  not  patient- 
centered,  in  that  the  patient  is  not  as  concerned  about  a 
physiologic  abnormality  if  that  abnormality  does  not  affect 
the  quality  or  quantity  of  his  or  her  life.  However,  there  arc 
several  reasons  that  physiologic  measures  are  important 
components  in  critical  care  research  concerning  long-term 
outcomes.  First,  physiologic  measures  are  essential  to  as- 
sess and  control  for  severity  of  illness.  For  example,  an 
observational  study  comparing  different  mechanical  ven- 
tilation strategies  will  depend  on  complete  and  accurate 
measurement  of  physiologic  variables  to  control  for  con- 
founding by  severity  of  illness.  Second,  some  physiologic 
measures  may  be  important  surrogate  markers  of  future 
functional  status  and  quality  of  life.  For  example,  the  cor- 
relation between  lung  injury  score  during  ARDS  and  forced 
vital  capacity  6  or  12  months  after  ARDS  helps  research- 
ers understand  the  effect  of  ARDS  (and  mechanical  ven- 
tilation strategies)  on  patients"  lives. -^  Finally,  although 
physiologic  measures  are  not  important  to  patients  unless 
they  affect  patients'  lives,  they  may  be  important  to  help 
researchers  understand  the  mechanisms  of  disease  and  treat- 
ment. For  example,  preliminary  evidence  suggests  that 
markers  of  inflammation  in  bronchoalveolar  lavage  fluid 
on  day  3  of  ARDS  correlate  with  forced  vital  capacity  6 
months  after  ARDS.-^  Since  ventilator  strategies  may  af- 
fect alveolar  inflammation,'*  understanding  those  mecha- 
nisms may  help  researchers  devise  mechanical  ventilation 
strategies  that  improve  long-term  outcoines  of  ARDS  pa- 
tients. 

Measurement  of  Patient-Assessed  Health  Outcomes 

Patient-assessed  health  outcomes  (the  health  outcomes 
reported  by  patients)  are  a  subset  of  long-term  outcomes-'^ 
and  are  inherently  subjective,  since  they  describe  a  pa- 
tient's subjective  experience.  However,  the  subjective  na- 
ture of  those  outcomes  is  not  a  shortcoming  but  an  essen- 
tial component.  If  we  are  concerned  with  the  patient's 
perspective  on  health  outcomes,  we  should  measure  it  di- 
rectly from  the  perspective  of  the  patient.  The  fact  that 
those  outcomes  are  subjective  does  not  mean  that  they  are 
therefore  inherently  immeasurable  or  "soft"  data.  The  cru- 
cial attribute  of  "hardness"  is  the  reliability  of  a  measure.-^ 
and  many  patient-assessed  outcome  measures  provide  ad- 
equate and  often  excellent  reliability.  If  physiologic  mea- 
sures accurately  retlected  quality  of  life,  it  could  be  argued 
that  quality  of  life  instruments  would  be  unnecessary.  How- 
ever, physiologic  variables  such  as  pulmonary  function 


measurements  and  exercise  tolerance  do  not  correlate 
strongly  with  measures  of  quality  of  life  or  functional 
status.^''  Clinical  experience  supports  that  finding:  2  pa- 
tients with  the  same  lung  disease  and  the  same  pulmonary 
function  may  have  very  different  health-related  quality  of 
life. 

Patient-assessed  outcomes  include  such  areas  as  quality 
of  life,  functional  status,  anil  symptoms.  Table  2  lists  some 
of  the  instruments  used  to  measure  patient-assessed  out- 
comes in  mechanically  ventilated  patients  and  provides 
selected  examples  of  studies  that  used  those  outcomes. 
The  choice  of  outcome-measurement  instrument  must  de- 
pend on  the  research  questions,  the  conceptual  nK)del  and 
definition  of  the  concept  to  be  measured,  and  the  ability  of 
the  candidate  instruments  to  meet  the  study's  specific  needs. 
In  addition,  investigators  must  examine  the  ineasurement 
properties  of  each  of  the  available  instruments,  including 
reliability,  validity,  responsiveness,  interpretability.  admin- 
istration mode,  time-to-administer,  and  respondent  burden. 
Criteria  for  each  of  those  characteristics  have  been  defined 
by  the  Scientific  Advisory  Committee  of  the  Medical  Out- 
comes Trust.*'  A  recent  review  of  the  reliability,  validity, 
and  responsiveness  of  a  number  of  the  measures  that  have 
been  used  in  survivors  of  critical  illness  is  a  useful  re- 
source for  the  information  that  was  available  as  of  1998.-" 

There  are  a  number  of  terms  used  to  describe  the  vari- 
ous patient-assessed  health  outcomes,  but,  unfortunately, 
many  of  those  terms  have  overlapping  meanings.  The  term 
"quality  of  life"  is  widely  used  in  clinical  research  and 
clinical  care,  but  it  is  rarely  defined.  In  its  broadest  defi- 
nition, the  quality  of  an  individual's  life  is  a  holistic,  self- 
determined  evaluation  of  satisfaction  with  issues  impor- 
tant to  the  individual. -''■^^  Quality  of  life  is  influenced  by 
many  factors,  including  financial  status,  housing,  employ- 
ment, spirituality,  social  support  network,  and  health.  Con- 
sequently, many  clinical  investigators  use  the  more  restric- 
tive term  health-related  quality  of  life  (HRQOL).  to  mean 
quality  of  life  as  it  is  affected  by  health  and  health  care. 
This  might  be  considered  the  portion  of  quality  of  life  that 
could  be  expected  to  improve  with  an  effective  health  care 
intervention.  The  term  functional  status  is  used  to  describe 
an  individual's  ability  to  function  in  such  diverse  realms  as 
physical,  social,  and  emotional.  The  terms  HRQOL  and 
functional  status  are  often  u.sed  interchangeably,  but  rep- 
resent different  concepts.  Functional  status  reflects  the  abil- 
ity to  perform  the  tasks  of  daily  life,  whereas  HRQOL 
connotes  the  subjective  experience  of  the  effect  of  health 
and  illness  on  one's  satisfaction  with  life.  Operationally, 
many  of  the  instruments  designed  to  measure  HRQOL  or 
functional  status  encompass  features  of  both,  which  can 
make  it  difficult  to  distinguish  those  concepts.  Conceptual 
models  of  the  interactions  between  those  terms  and  clini- 
cal variables  provide  more  information  on  those  terms  and 
their  determinants. ■"•■*■' 
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Table  2.       Patient-Assessed  Outcomes  in  Critical  Care  Clinical  Research  Involving  Mechanical  Ventilation 
Type  of  Outcome 


Specific  Instrument 


Quality  of  life 

Generic  health-related  quality  of  life 


Disease-specific  health-related  quality  of  life 
Depression  or  anxiety 

Post-traumatic  stress  disorder 


Perceived  Quality  of  Life-*-" 

Sickness  Impact  Profile-'"-" 

Medical  Outcome  Study  Short-Form  36'''''" 

Nottingham  Health  Profile'" 

Saint  George's  Respiratory  Questionnaire' 

Center  for  Epidemiologic  Studies — Depression-*^-" 

Hospital  Anxiety  and  Depression  Scale"' 

Post-Traumatic  Stress  Syndrome- 10  inventory*-"*-" 


In  its  most  general  definition,  "health  status"  assesses 
the  effect  of  an  individual's  health  on  his  or  her  ability  to 
perform  and  enjoy  the  activities  of  daily  life.  Many  inves- 
tigators use  health  status  to  encompass  functional  status 
and  HRQOL.-^  Health  status  instruments  range  from  ge- 
neric to  disease-specific  measures.  Generic  instruments 
assess  many  facets  of  health  status,  including  such  diverse 
realms  as  emotional  functioning  (mood  changes  and  other 
psychological  symptoms),  social  role  functioning  (employ- 
ment, home  management,  and  social/family  relationships), 
activities  of  daily  living  (self-care  skills  and  mobility),  and 
the  ability  to  engage  in  enjoyable  activities  (hobbies  and 
recreation  j.-*'^-'''  Pulmonary  disease-specific  measures  of- 
ten focus  on  particular  pulmonary  diseases  such  as  asth- 
ma'*'' or  chronic  obstructive  pulmonary  disease""*  and  their 
effect  on  the  patient's  life.  One  pulmonary-disease-spe- 
cific measure  originally  designed  for  patients  with  chronic 
obstructive  pulmonary  disease"''  has  been  found  to  be  re- 
liable and  valid  in  a  number  of  lung-related  illnesses,  in- 
cluding ARDS.i 

Mechanical  ventilation  is  not  used  in  the  treatment  of 
one  specific  disease  with  specific  symptoms  and  func- 
tional impairments,  and  therefore  it  is  unlikely  that  a  "me- 
chanical ventilation  disease-specific"  health  status  instru- 
ment will  be  more  sensitive  to  change  than  a  generic  health 
status  instrument.  Nonetheless,  the  unique  features  of  crit- 
ical illnesses  that  require  mechanical  ventilation  make  it 
important  that  the  instrument  be  chosen  based  on  the  spe- 
cific disease  and  the  impairment  that  disease  causes.  Fur- 
ther research  is  needed  to  fully  define  the  diverse  realms  of 
impairment  experienced  by  survivors  of  critical  illness  and 
mechanical  ventilation.  It  is  also  important  that  the  instru- 
ments have  been  used  in  studies  of  survivors  of  mechan- 
ical ventilation  and  been  validated  in  that  setting  before 
they  are  used  in  clinical  studies. 

One  other  type  of  patient-assessed  outcome  deserves 
mention:  utilities.  Utilities  are  a  method  of  comparing  the 
value  of  different  health  outcomes  on  a  single  linear  scale, 
to  allow  measurement  of  quality-adjusted  life  years,  which 
incorporate  the  quality  and  the  quantity  of  life  into  a  single 
measure  and  permit  economic  analysis.'" ' '  Economic  anal- 
ysis of  critical  care  interventions  involving  mechanical 


ventilation  is  an  important  subject  of  research  in  this  cost- 
conscious  era.  The  unique  features  of  such  analyses  in  the 
critical  care  setting  was  the  subject  of  a  recent  workshop 
report  from  the  American  Thoracic  Society. '- 

There  are  a  nuinber  of  unique  features  of  critical  care 
and  mechanical  ventilation  for  the  critically  ill  that  affect 
assessment  of  these  outcomes.  First,  many  critically  ill 
patients  are  too  ill  to  complete  questionnaires  or  inter- 
views while  in  the  ICU,  and  some  of  those  patients  may 
remain  too  ill  or  disabled  even  after  discharge  from  the 
hospital.  Excluding  such  patients  from  studies  of  health 
status  after  mechanical  ventilation  would  obviously  intro- 
duce a  bias  in  the  assessment  of  the  health  status  of  that 
patient  population.  This  raises  the  issue  of  whether  family 
members  can  complete  these  instruments  by  proxy.  A  num- 
ber of  studies  have  used  family  members  to  assess  patient 
health  status  or  quality  of  life  after  ICU  care,-*-''-''-*  and  the 
data  suggest  that  the  information  obtained  from  proxies  is 
not  as  useful  as  that  obtained  directly  from  the  competent 
patient  but  nonetheless  can  be  a  reliable  and  valid  assess- 
ment of  the  patient' s  health  status."  Information  from  prox- 
ies is  likely  to  be  more  reliable  when  it  relates  to  observ- 
able phenomenon  such  as  ability  to  perform  the  acti\  ities 
of  daily  living,  and  is  much  less  reliable  when  it  relates  to 
less  observable  phenomena  such  as  symptoms  of  pain  or 
dyspnea  or  feelings  of  depression.'* 

A  second  important  issue  about  patient-assessed  out- 
comes in  the  critical  care  setting  is  when  they  should  and 
should  not  be  measured.  In  some  settings  mortality  is  the 
most  important  outcome  and  quality  of  life  or  other  pa- 
tient-assessed outcomes  are  much  less  important.  That 
would  be  the  case  in  the  treatment  of  an  acute  illness  w  ith 
high  mortality  that  affects  healthy  people  and  from  which 
survivors  generally  return  to  their  premorbid  health  status. 
However,  there  are  also  circumstances  when  quality  of  life 
would  be  a  primary  outcome  of  equal  or  more  importance 
than  mortality.  For  example,  in  a  study  of  the  outcomes  of 
respiratory  failure  for  patients  with  malignant  cancer,  many 
patients  might  judge  the  qiiality  of  life  after  an  episode  of 
mechanical  ventilation  to  be  more  important  than  the  quan- 
tity of  life.  As  a  patient's  life  expectancy  decreases  and  the 
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burden  nt  disease  inereases,  ihe  importance  (it  quality  of 
life  as  an  outcome  of  critical  care  will  probably  increase. 
A  final  important  issue  about  patient-assessed  outcomes 
invoKes  v\ hen  to  measure  them.  For  research  that  focuses 
on  the  ICU  stay,  outcomes  such  as  symptoms  and  patient 
or  family  satisfaction  with  care  may  be  very  important,  but 
functional  status  and  quality  of  life  in  the  iCLI  are  gener- 
ally not  relesanl.  For  research  focusing  on  outcomes  after 
the  ICLl  slay,  qualit>'  ()f  life  and  functional  status  are  very 
important  to  patients  and  their  families.  Table  I  summa- 
rizes the  appropriate  time  frame  for  measuring  long-term 
and  patient-assessed  outcomes  in  most  studies  involving 
mechanical  ventilation. 


Health  Status 

There  are  an  increasing  number  of  studies  on  the  long- 
term  effect  of  ARDS  or  other  critical  illnesses  that  require 
mechanical  ventilation  on  the  quality  of  life  and  health 
status  of  survivors.  McHugh  et  al,  using  the  Sickness  Im- 
pact Profile,  found  a  significant  decrement  in  health  status 
among  survivors  of  ARDS  and  found  that  health  status 
improved  during  the  first  3  months  after  discharge  from 
the  hospital  but  remained  relatively  stable  thereafter.-'*  Da- 
vidson et  al,  using  the  Medical  Outcomes  Study  Short 
Fonn-36  (SF-36)  and  the  Saint  George's  Respiratory  Ques- 
tionnaire, found  that  there  were  significant  decrements  in 
most  domains  of  health  status  among  survivors  of  ARDS 
and  that  these  decrements  were  significantly  worse  for 
ARDS  patients  than  for  patients  with  a  comparable  sever- 
ity of  illness  from  sepsis  or  trauma  but  who  did  not  meet 
criteria  for  ARDS.'  That  study  suggested  that  decrements 
in  physical  function  might  be  the  most  severe.  Using  the 
SF-36,  Weinert  et  al  studied  24  survivors  of  acute  lung 
injury  and  also  found  lower  scores  in  many  domains  of 
health  status  and  particularly  .severe  reductions  in  social 
functioning  and  mental  health  domains.'^''  Angus  et  al  used 
the  Quality  of  Well-Being  instrument  to  assess  health  sta- 
tus in  a  cohort  of  200  previously  healthy  patients  who 
developed  ARDS  and  found  marked  decrements  in  many 
domains  of  health  status  at  6  months  and  no  significant 
change  from  6  to  12  months. -*■* 

In  addition  to  ARDS,  a  number  of  studies  have  found 
reduced  health  status  among  patients  with  other  critical 
illnesses  requiring  prolonged  mechanical  ventilation,  in- 
cluding sepsis, '^*'  multiple  organ  dysfunction,'^  and  general 
ICU  patients.""-^-  Although  the  results  differ,  those  stud- 
ies also  suggest  decrements  in  a  wide  range  of  the  domains 
of  health  status. 

A  number  of  studies  have  attempted  to  define  the  pre- 
dictors of  decreased  health  status  among  survivors  of  ARDS 


or  other  critical  illness.  Several  studies  suggest  that  health 
status  prior  to  ICU  admission  is  a  strong  predictor  of  health 
status  after  discharge.*^ '■'''  Wehler  et  al  found  that  patients 
with  the  best  health  status  prior  to  critical  illness  were 
more  likely  to  have  reductions  in  health  status,  whereas 
those  patients  with  the  lowest  health  status  prior  to  ICU 
admission  were  actually  more  likely  to  improve  from  base- 
line health  status.'''  Similarly,  Konopad  et  al  founii  that 
among  the  very  elderly,  health  status  may  improve  above 
baseline  after  an  ICU  admission.''^  Severity  of  illness  is 
also  a  predictor  of  health  status  after  discharge  from  the 
ICU. -■*'*'■'''  Increasing  age  predicted  decreased  health  sta- 
tus after  critical  illness  in  some  studies,""'  but  other  stud- 
ies did  not  find  age  to  be  an  important  independent  pre- 
dictor of  health  status"'  and  suggest  that  even  those  over 
the  age  of  70  who  receive  more  than  30  days  of  intensive 
care  are  often  satisfied  with  their  health  status  and  would 
choose  to  receive  ICU  care  again  if  needed.'''  Schelling  et 
al  found  that  pulmonary  function  impairment  predicted 
worse  health  status,  suggesting  that  treatment  strategies 
designed  to  minimize  lung  injury  may  have  diverse  ef- 
fects, improving  health  status  in  ARDS  survivors.' 


Symptoms 

Symptoms  can  be  viewed  as  an  additional  patient-as- 
sessed outcome  of  import  and  interest  to  patients  and  their 
families.  There  have  been  a  few  studies  documenting  sub- 
stantial symptom  burden  for  critically  ill  patients  while  in 
the  ICU,'''^  ''''  but  relatively  few  studies  have  explicitly 
examined  the  symptoms  of  survivors  of  critical  illness. 
Studies  of  health  status  among  survivors  of  critical  illness 
incorporate  the  effect  of  those  sympt(Mns  on  individuals' 
lives,  but  it  may  also  be  important  for  investigators  to 
explicitly  examine  the  specific  symptoms  that  are  trou- 
bling to  patients  after  a  critical  illness  requiring  mechan- 
ical ventilation,  so  as  to  determine  how  to  decrease  the 
symptom  burden  and  the  effect  of  symptoms  on  patients' 
quality  of  life.  For  example,  Angus  et  al  used  the  Quality 
of  Well-Being  questionnaire  to  assess  the  quality  of  life  of 
132  ARDS  survivors.'-"  They  found  significantly  lower 
health  status  in  the  ARDS  survivors  and  that  the  symptom 
domain  of  the  Quality  of  Well-Being  instrument  accounted 
for  a  larger  decrement  in  quality  of  life  than  other  do- 
mains, including  physical  activity,  social  activity,  and  mo- 
bility. Symptoms  accounted  for  approximately  70%  of  the 
lower  health  status  seen  in  that  study.  The  types  of  symp- 
toms that  were  most  bothersome  to  those  patients  included 
lower  respiratory  tract  symptoms,  depression  and  anxiety, 
constitutional  symptoms,  and  cognitive  symptoms.  Those 
data  provide  some  direction  for  investigators  interested  in 
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decreasing  the  diverse  symptom  burden  experienced  by 
survivors  of  ARDS. 

Neuropsychologic  Outcomes 

There  has  been  increasing  interest  in  examining  the  ef- 
fects of  critical  illness,  especially  ARDS,  on  the  cognitive, 
emotional,  and  psychological  functioning  of  survivors,  and 
mounting  evidence  suggests  that  patients  who  survive  crit- 
ical illness  may  be  left  with  decreased  functioning  in  those 
realms.  Hopkins  et  al  studied  55  ARDS  survivors  and 
found  that  at  hospital  discharge  all  55  patients  had  sub- 
stantial impairment  in  cognitive  and  affective  function- 
ing.* However,  much  more  concerning  was  the  finding 
that  at  1  year  after  hospital  discharge  30%  still  had  gen- 
eralized cognitive  dysfunction  and  78%  had  decrements  in 
attention,  memory,  concentration,  and/or  mental  process- 
ing speed."  Hopkins  et  al  attempted  to  identify  predictors 
of  cognitive  impairment  but  were  limited  by  small  sample 
size  and  the  collinearity  of  many  of  the  important  potential 
predictors,  such  as  duration  of  mechanical  ventilation,  se- 
verity of  underlying  lung  injury,  severity  and  duration  of 
desaturations  in  the  ICU,  and  duration  and  amount  of  se- 
dation. Nonetheless,  their  analysis  did  show  an  association 
between  the  continuous  oxygen  saturation  measurements 
and  the  severity  of  cognitive  deficits.'' 

Another  study  assessed  cognitive  function  in  46  ARDS 
survivors  1-12  years  (median  6  years)  after  the  ARDS  and 
found  that  24%  had  mild  or  moderate  cognitive  impair- 
ment'''* that  substantially  impacted  the  patients"  lives:  0  of 
1 1  patients  with  cognitive  impairment  had  returned  to  work, 
whereas  27  of  35  patients  without  cognitive  impairment 
had  returned  to  work.'''* 

There  has  also  been  recent  research  on  the  prevalence 
and  predictors  of  post-traumatic  stress  disorder  (PTSD) 
after  mechanical  ventilation  for  ARDS.  Schelling  et  al 
used  the  Post-Traumatic  Stress  Syndrome  10-Questions 
Inventory  (PTSS-10)  with  80  survivors  of  ARDS  who  had 
a  median  time  since  ARDS  of  4  years  and  excluded  pa- 
tients with  head  trauma  or  pre-existing  neurologic  or  psy- 
chiatric diseases.''*  They  found  that  28%  of  the  ARDS 
survivors  had  a  PTSS-10  score  above  the  cut-off  for 
PTSD — a  significantly  higher  proportion  than  the  2  con- 
trol groups  (patients  who  had  undergone  maxillofacial  sur- 
gery and  German  United  Nations  soldiers  who  had  expe- 
rienced prolonged  service  in  Cambodia)."*  Patients  who 
reported  memories  of  traumatic  experiences  during  their 
ICU  stays,  including  memories  of  respiratory  distress,  feel- 
ings of  anxiety,  pain,  or  nightmares,  were  more  likely  to 
have  symptoms  of  PTSD. 

It  remains  unclear  exactly  what  aspects  of  mechanical 
ventilation  or  acute  lung  injury  predispose  patients  to  long- 
term  neuropsychological  effects.  Hopkins  et  al  provided 
some  data  suggesting  it  may  correlate  with  desaturations.'' 


Nelson  et  al  performed  a  cross-sectional  study  of  24  sur- 
vivors of  acute  lung  injury  and  found  significant  correla- 
tions between  both  symptoms  of  depression  and  symptoms 
of  PTSD  and  a  number  of  variables,  including  days  in  the 
ICU,  days  on  mechanical  ventilation,  and  days  of  seda- 
tion.-"' It  is  interesting  that  they  did  not  find  a  correlation 
between  acute  physiology  and  chronic  health  evaluation 
(APACHE  III)  score  and  symptoms  of  either  depression  or 
PTSD.  In  an  interesting  preliminary  study,  Schelling  et  al 
pert'ormed  a  small  retrospective  case-control  study  com- 
paring patients  who  received  corticosteroids  for  treatment 
of  septic  shock  to  similar  patients  who  did  not  receive 
corticosteroids.*^  They  found  that  the  patients  who  received 
corticosteroids  had  a  significantly  lower  incidence  of  PTSD 
(5  of  27  vs  16  of  27)  and  significantly  higher  scores  on  the 
mental  health  index  of  the  SF-36. 

Although  all  of  those  studies  are  limited  by  their  small 
numbers  and  observational  designs,  they  provide  intrigu- 
ing preliminary  data  that  suggest  that  the  way  patients  are 
managed  in  the  ICU  may  have  important  effects  on  their 
long-term  mental  health  and  cognitive  function.  Further 
studies  are  needed  to  identify  the  components  of  long-term 
mechanical  ventilation  or  critical  illness  that  predispose 
patients  to  neuropsychological  deficits  and  to  tease  apart 
the  potential  causes,  which  include  desaturations,  decreased 
cerebral  perfusion  pressure  during  critical  illness,  inflam- 
mation and  biotrauma  of  sepsis  and  ARDS.  duration  and 
amount  of  sedation,  and  traumatic  experiences  during  ICU 
stay.  Since  increasing  severity  of  illness  portends  increases 
in  many  of  those  variables,  delineating  the  contributions  of 
the  potential  causes  will  be  challenging.  Furthermore,  ran- 
domized controlled  trials  of  different  mechanical  ventila- 
tion and  sedation  strategies  should  also  examine  the  po- 
tential effects  on  neuropsychologic  outcomes. 


Quality  of  Care  at  the  End  of  Life 
and  Quality  of  Death 

Because  of  the  severity  of  illness  in  critical  care  medi- 
cine, mortality  among  critically  ill  patients  receiving  me- 
chanical ventilation  is  relatively  high,  compared  with  other 
areas  of  medicine.  There  is  a  growing  interest  in  assessing 
the  quality  of  care  for  dying  patients,*'-^-  which  coincides 
with  increasing  evidence  of  important  shortcomings  in  the 
provision  of  end-of-life  care  in  hospitals  and  ICUs.''^  Data 
from  one  study  suggest  that  patients  cared  for  by  inten- 
sivists  have  greater  symptoms  and  worse  quality  of  end- 
of-life  care  than  other  seriously  ill,  hospitalized  patients. ''^ 
There  is  also  some  evidence  that  increased  aggressiveness 
of  care  results  in  decreased  quality-of-dying  experience,  at 
least  as  assessed  by  the  patient's  family. ^^  However,  that 
same  study  also  suggests  that  death  following  ICU  care  is 
not  necessarily  a  worse  quality  death  than  those  deaths  for 
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which  patients  do  ikH  receive  ICL'  care  during  the  last 
month  ot  their  Iives7^  Because  the  ICU  is  a  setting  where 
inortahty  is  high,  further  research  is  needed  to  find  ways  to 
improve  the  experience  of  patients  who  die  in  or  shortly 
after  a  stay  in  the  ICU,  as  well  as  to  improve  the  experi- 
ence of  their  families  and  of  health  care  prmidcrs.^' 

There  are  preliminary  data  to  suggest  that  the  method  of 
reimbursement  may  affect  the  provision  of  aggressive  ICU 
care  at  the  end  of  life.^'^^''  There  are  also  differences  by 
patient  race  and  ethnicity  and  by  geographic  region  in  the 
delivery  of  intensive  care  to  dying  patients, '''■"'■^^  and  al- 
though these  differences  in  care  (by  reimbursement,  race 
and  ethnicity,  and  geographic  region)  suggest  inequitable 
application  of  intensive  care  resources  to  dying  patients, 
further  research  is  needed  to  better  understand  the  differ- 
ences."" Future  research  should  identify  high  quality  of 
end-of-life  care  in  the  ICU  and  develop  incentives  to  pro- 
mote that  type  of  care.^^ 

The  goals  of  medicine  and  the  measures  of  quality  of 
care  may  be  dramatically  different  for  patients  with  ter- 
minal illness  than  for  patients  for  whom  death  is  not  im- 
minent. Survival  time  may  not  be  a  relevant  outcome  in  a 
patient  with  an  imminently  terminal  disea.se.  In  fact,  high 
quality  end-of-life  care  might  actually  decrease  survival 
time  in  some  settings.  In  order  to  provide  high-quality  care 
at  the  end  of  life,  we  must  find  better  ways  to  identify 
patient  treatment  preferences  and  improve  the  quality  of 
communication  between  health  care  providers  and  patients 
or  families.^'  If  we  can  reliably  measure  the  quality  of 
end-of-life  communication,  it  may  become  another  impor- 
tant outcome  of  critical  care.'** 


Summary 

Critical  care  medicine  involved  in  the  provision  of  me- 
chanical ventilation  entails  the  provision  of  technologic, 
aggressive,  and  expensive  medical  care  to  individuals  with 
serious  illness.  The  outcome  of  major  importance  for  this 
care  is  survival.  However,  the  diseases  that  predispose 
many  patients  to  critical  illness  with  respiratory  failure, 
and  perhaps  the  mechanical  ventilation  itself,  can  have 
profound  residual  effects  on  the  quality  of  life  and  func- 
tional capacities  of  patients  who  receive  critical  care.  There- 
fore we  must  consider  these  other  outcomes  of  mechanical 
ventilation  in  our  efforts  to  identify  care  that  is  both  ef- 
fective and  cost-effective.  Measurement  of  these  other  out- 
comes presents  important  theoretical  and  practical  prob- 
lems. However,  in  an  era  when  we  are  expected  to 
demonstrate  the  effectiveness  and  value  of  the  care  we 
provide,  we  must  confront  these  challenges. 
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Discussion 

Epstein:  Randy,  you  showed  data 
on  the  possible  influence  of  sedation 
on  long-term  outcomes.  Do  we  have 
any  data  on  the  drugs  or  the  route  of 
administration?  I  think — correct  me 
if  Tm  wrong — that  there  are  data  to 
suggest  that  heavy  use  of  benzodiaz- 
epines is  associated  with  depression 
in  long-term  follow-up  of  these  pa- 
tients. Has  anyone  looked  carefully  at 
the  drug  given'? 

Curtis:  I'm  not  aware  of  any  stud- 
ies in  survivors  of  ARDS  or  prolonged 
mechanical  ventilation  that  help  tease 
that  out.  Studies  show  a  correlation 
between  longer  duration  of  sedation 
and  post-traumatic  stress  disorder,  but 
the  problem  is  that  some  people  inter- 
pret those  data  as  saying  that  we  need 
to  decrease  the  amount  of  sedation.  I 


don't  think  the  data  say  that  at  all.  The 
people  who  get  sedation  longer  are 
sicker,  they're  in  the  ICU  longer,  but 
I'm  not  aware  of  any  studies  that  help 
us  in  terms  of  the  level  of  sedation  or 
the  specific  agents  we  should  be  using 
in  the  ICU. 

Epstein:  There  are  emerging  data, 
both  qualitative  and  quantitative,  about 
the  role  of  abnormal  sleep  in  mechan- 
ically ventilated  patients.  Has  anyone 
looked  at  that  in  terms  of  long-term 
outcome? 

Curtis:  That's  a  great  question.  I'm 
not  aware  of  any  studies  that  have 
looked  at  that  in  terms  of  its  influence 
on  depression,  anxiety,  or  post-trau- 
matic stress  disorder.  The  study  by 
Schelling  et  al  found  that  the  number 
of  traumatic  experience  recollections 
correlated  with  post-traumatic  stress 


disorder. '  When  you  look  at  what  those 
traumatic  experiences  were,  what  peo- 
ple were  recalling,  a  lot  of  them  had 
to  do  with  nightmares  and  other  things 
that  may  have  been  associated  with 
some  of  the  drugs  used,  and  maybe 
the  sleep  disturbance  as  well,  but  that's 
the  extent  to  which  the  data  help  us 
sort  out  the  role  of  either  sleep  disor- 
ders or  kinds  of  medicines. 
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Blanch:  I  realized  after  reading  a  re- 
view on  alarms  in  the  ICU  that  the  noise 
level  is  going  to  interfere  not  only  with 
the  patients'  sleep  but  with  their  con- 
sciousness. Secondly,  an  investigation 
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presented  al  the  iiieeting  ol  the  Amer- 
ican Thoracic  Society  found  that 
ARDS  patients  ventilated  with  permis- 
sive hypercapnia  presented  alterations 
in  some  psychological  tests  at  6 
months.  I  would  like  your  opinion 
about  that  and  also  it  you  consider 
any  different  sort  of  monitoring  dur- 
ing the  course  of  the  disease. 

Curtis:  That's  a  good  question.  Im 
not  avN'are  of  any  good  data  on  the 
relationship  between  alarms/ICU 
noise  and  long-term  outcomes  or  on 
permissive  hypercapnia  and  psycho- 
logical outcomes.  There's  a  great  data 
resource  with  the  ARDS  Network' 
study,  and  1  think  it  would  be  fasci- 
nating to  look  those  patients  up  at  6  or 
1 2  months  or  later  and  ask  them  about 
their  recollections  and  post-traumatic 
stress.  1  don't  know  if  there  are  any 
plans  to  do  that,  but  there's  a  study  in 
which  you  do  have  differences  in  the 
2  study  arms  between  at  least  Pj^q, 
levels,  although  not  significantly  on 
sedation,  but  we  might  be  able  to  be- 
gin to  get  .some  answers.  But  I'm  not 
aware  of  any  data  that  really  help  us 
in  managing  patients.  1  think  in  the 
absence  of  data  we  need  to  go  with 
what  we  know,  which  is  that  lung- 
protective  ventilation  improves  sur- 
vival. But  it  would  be  nice  to  know  if 
it  affects  the  quality  of  that  survival. 
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Hurford:  How  then  do  we  deter- 
mine whether  brain  dysfunction  and 
peripheral  muscular  dysfunction  and 
such  is  the  result  of  the  inflannnatory 
response  associated  with  the  ARDS 
and  perhaps  barotrauma,  or  the  result 
of  some  other  disease,  short  of  using 
something  like  the  ARDS  Network 
trial? 

Curtis:  I  think  the  gold  standard 
would  be  a  randomized  controlled  trial 
where  you  have  2  study  arms  and  you 


can  compare  the  outcomes.  But,  short 
of  that,  I  think  that  although  a  lot  of 
these  things  are  collinear  (the  amount 
of  intlammatory  markers,  the  number 
of  ventilator  days,  the  amount  of  se- 
dation), large  observational  studies 
could  begin  to  tease  those  out.  If  you 
had  enough  people  you  could  begin  to 
try  to  control  for  the  amount  of  seda- 
tion, for  example,  and  look  to  see 
whether,  independent  of  that,  it's  the 
bio-markers  that  seem  to  predict  long- 
term  psychological  outcomes.  It's  go- 
ing to  have  to  be  a  large  study,  be- 
cause you'll  have  to  be  able  to  control 
for  a  lot  of  collinear  variables. 

Pierson:  Randy,  the  challenge  you 
presented  at  the  end  of  your  talk,  for 
researchers  in  mechanical  ventilation 
to  look  beyond  immediate  physiologic 
changes  and  other  surrogate  outcomes, 
raises  the  bar  pretty  high  and  makes 
life  pretty  difficult.  In  a  sense  this  is 
because  mechanical  ventilation  is  an 
acute  thing  that  happens  with  very 
quick  outcomes,  at  least  in  changing 
things  you  can  measure  at  the  bed- 
side, and  that's  the  way  it  has  tradi- 
tionally been  looked  at.  Yet  we've 
heard  at  this  conference  of  several  ap- 
proaches or  aspects  of  mechanical  ven- 
tilation that,  although  they  have  im- 
proved those  usual  short-term 
functions,  have  had  an  opposite  effect 
long-term,  such  as  in  the  ARDS  Net- 
work study,  in  which  the  low-tidal- 
volunie  group  had  better  survival  de- 
spite a  higher  F^,  [fraction  of  inspired 
oxygen]  requirement  and  lower  P;,o,/ 
Fuj  ratio  early  on.  And  we've  heard 
about  prone  positioning,  at  least  as  in- 
vestigated so  far,  improving  oxygen- 
ation but  having  no  effect  on  survival. 
And  the  same  could  be  said  about  in- 
haled nitric  oxide — that  it  had  no  ef- 
fect on  survival  among  ARDS  patients 
despite  improving  gas  exchange  in 
many  patients.  As  I've  said,  you  raised 
the  bar  pretty  high  and  made  life  pretty 
difficult  for  investigators  of  mechan- 
ical ventilation,  and  I'd  like  to  know 
how  you  would  propose  for  us  to  con- 


tinue with  our  business  of  studying 
mechanical  ventilation  in  this  context. 

Curtis:  It's  a  good  question.  What  I 
tried  to  do  in  my  comments  was  make 
it  clear  that  I  do  not  think  that  every 
study  of  mechanical  ventilation  or 
other  critical  care  interventions  can  or 
should  look  at  all  these  different  long- 
term  outcomes,  or  perhaps  any  long- 
term  outcomes.  But  I  think  as  we  piece 
together  data,  as  we  must  do  from  dif- 
ferent studies,  about  whether  interven- 
tions improve  outcomes  for  patients, 
we  need  to  incorporate  long-term  out- 
comes into  at  least  some  of  these  stud- 
ies. I  think  that  in  early  studies  of  a 
new  mode  of  mechanical  ventilation, 
for  example,  I  wouldn't  expect  an  in- 
vestigator to  include  quality  of  life  at 
12  months.  But  as  we  begin  to  see 
promising  new  approaches  to  venti- 
lating patients  and  improv  ing  gas  ex- 
change, we  need  to  raise  our  heads  up 
a  little  bit  and  look  to  see  whether 
long-term  outcomes  are  affected  by 
interventions  that  seem  to  have  an  im- 
pact on  short-terin  outcomes.  I  don't 
know  if  that  answers  the  question. 

Pierson:  It's  certainly  true  in  criti- 
cal care  that  the  history  has  generally 
been  of  the  proposal  and  initial  imple- 
mentation of  some  new  wrinkle  or  de- 
vice based  on  sound  rationale — it's  ap- 
proved by  whatever  mechanisms  are 
involved,  with  very  short-term  inter- 
mediate outcome  things,  it's  put  into 
wide  clinical  use.  and  then  subse- 
quently large  outcome-type  studies  are 
performed  demonstrating  no  benefit 
and  leading  eventually  to  abandon- 
ment of  that  particular  wrinkle  or  de- 
vice. We've  heard  of  numerous  po- 
tential candidates  at  this  meeting  with 
that  kind  of  life  history.  Are  we  con- 
dennied  iii  just  repealing  the  past  over 
and  over,  or  how  should  one  proceed 
w  ith  a  new  de\  ice  or  a  new  approach? 

Curtis:  I  think  it's  the  way  that  new 
de\elopments  have  to  come  to  light — 
that  ihes  ha\e  to  start  in  animal  stud- 
ies and  then  mo\e  to  hiunan  studies. 
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In  human  studies  they  have  to  start 
with  small  numbers,  short-term  out- 
comes, and  1  think  that's  just  the  way 
we  build  new  knowledge  and  develop 
the  field.  I  think  where  I  would  be 
critical  is  when  we  show  that  it  im- 
proves oxygenation  or  some  short- 
term  outcome  that  doesn't  affect  pa- 
tients' lives  and  we  stop  there  and  say, 
"Look,  it  works;  we  should  promul- 
gate it  and  get  it  out  and  start  paying 
a  lot  of  money  for  it."  I  think  that  we 
need  to  take  the  next  step. 

A  lot  of  us  are  critical  care  clini- 
cians and  our  interest  in  care  for  those 
patients  ends  when  they  leave  the  ICU 
door,  so  it  has  not  been  natural  for  us 
to  think  about  some  of  the  long-term 
outcomes.  A  lot  of  us  don't  follow 
patients  after  ARDS.  We  don't  see  the 
disability  they  have,  and  so  we  haven't 
tended  to  think  about  the  long-term 
outcomes,  but  that's  critical  if  we're 
going  to  know  the  true  impact  that 
these  treatments  have  on  people's 
lives. 

Maclntyre:  One  of  the  previous 
Respiratory  Care  Journal  conferences 
was  on  assessing  innovations  in  me- 
chanical ventilation.'  In  that  confer- 
ence we  struggled  with  just  the  point 
you  made  a  moment  ago  and  came  up 
with  what  I  thought  was  a  clever  sys- 
tem of  looking  at  the  various  risks  and 
costs  of  an  innovation  and  then  basing 
the  assessment  requirements  accord- 
ingly. In  other  words,  if  something  was 
very  inexpensive  and  had  absolutely 
no  risk  associated  with  it,  then  a  sim- 
ple engineering  test  was  all  that  was 
needed  to  put  it  on  the  market;  if  some- 
thing was  not  terribly  expensive  and 
didn't  seem  to  have  any  substantial 
risk  associated  with  it,  a  physiologic 
surrogate  of  outcome  would  be  legit- 
imate; but  the  consensus  there  was  that 


with  an  innovation  having  substantial 
cost  or  risk  some  kind  of  meaninglul 
clinical  outcome  had  to  be  proven  be- 
fore we  should  be  accepting  it.  1  think 
it's  interesting  that  we're  now  talking 
about  the  really  long-term  outcomes. 
We  were  happy  back  then  with  just  ven- 
tilator-free days  and  perhaps  survival  out 
of  the  ICU.  You've  challenged  us  to 
think  beyond  that,  although  I  must  ad- 
mit that  ventilator-free  days  is  still  one 
of  my  favorites. 
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Curtis:  I  actually  had  ventilator-free 
days  on  one  slide  but  took  it  out  be- 
cause it  hadn't  come  up  during  this 
conference.  I  think  ventilator-free  days 
is  problematic.  It  may  be  a  useful  out- 
come in  looking  at  specific  interven- 
tions, but,  again,  I  would  classify  it  as 
a  short-term  outcome  that  confounds 
mortality  and  days  on  the  ventilator. 

Maclntyre:     We  call  it  "combining." 

Curtis:  Well,  it  does  combine  them, 
but  it  also  confounds  them  if  you  don't 
look  at  them  separately.  You  could 
have  interventions  that  you're  not  ex- 
actly clear  where  the  effect  is.  Is  it  on 
mortality  or  is  it  on  shortening  days 
on  the  ventilator?  I  don't  want  to  bash 
ventilator-free  days.  I  think  it's  a  very 
important  outcome  for  understanding 
the  mechanisms  of  what  we're  doing, 
but  it's  not  as  important  an  outcome 
to  patients  as  is  long-term  survival  or 
quality  of  life,  and  it  needs  to  be  seen 
in  the  context  of  other  longer-term  out- 
comes, I  would  argue.  Neil,  do  you 
have  any  comments? 


Maclntyre:  My  administrators  like 
ventilator-free  days. 

Curtis:  Well,  a  lot  of  the  statisti- 
cians like  it  because  it's  the  most  pow- 
erful outcome  you  could  find  for  a 
study  of  ICU  survival  in  shortening 
time  on  the  ventilator. 

Maclntyre:  I  think  it's  fair  in  eval- 
uating a  device  that  you  pick  an  end 
point  that  is  appropriate  for  that  de- 
vice. 1  think  a  ventilator  is  not  a  ther- 
apeutic device — it's  a  support  device. 
The  best  it  can  do  is  support  you  and 
hopefully  not  hami  you.  Therefore  I 
think  you  have  to  get  an  end  point  that 
is  suitable  for  that.  It  seems  to  me  that 
something  that  gets  you  off  the  ven- 
tilator quicker  is  a  legitimate  end  point 
for  a  ventilator  strategy.  Maybe  not 
for  a  $50  million  sepsis  drug  or  some- 
thing, but  for  the  ventilator — I  think 
that  is  a  reasonable  challenge  for  a 
new  widget  or  a  gadget  on  the  venti- 
lator. 

Curtis:  I  think  that's  right,  and  fair, 
although  I  think  when  you  start  to  talk 
about  ventilator  strategies  such  as 
lung-protective  ventilation,  you're 
bringing  in  a  lot  of  other  variables. 
You  may  be  using  more  sedation  and 
you  may  be  changing  the  biotrauma. 
These  long-term  outcomes  may  start 
to  change  what  we  would  call  simply 
a  "ventilator  strategy."  So  I  think 
you're  right:  the  outcome  measure  has 
to  fit  the  intervention.  But  we  need  to 
be  circumspect  and  keep  our  minds 
open  about  all  the  different  long-term 
outcomes  that  may  be  affected  by 
something  as  simple  as  a  ventilator 
strategy. 
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Introduction 

It  is  always  an  honor  to  be  the  summarizer  of  a  Respi- 
ratory Care  Journal  Conference.  This  particular  one  has 
been  enjoyable  for  several  reasons.  First,  I  find  the  topic  of 
invasive  mechanical  ventilation  exciting.  We  have  learned 
so  much  about  the  complex  physiology  of  this  life  support 
technology  in  recent  years,  and  new  developments  are 
having  an  important  impact  on  outcome.  Second,  the  pre- 
sentations over  the  last  2  days  have  been  both  clear  and 
stimulating.  This  has  made  my  job  as  summarizer  very 
easy.  Finally,  the  interactions  during  the  discussions  have 
been  both  informative  and  fun.  This  has  been  due  in  no 
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small  part  to  the  wonderful  job  done  by  the  American 
Association  for  Respiratory  Care  (AARC),  the  American 
Respiratory  Care  Foundation,  and  our  sponsors  in  orga- 
nizing this  conference  so  well. 


Historical  Perspective:  Ventilatory  Support  and 
Acute  Respiratory  Failure 

In  preparing  for  this  summary,  I  found  that  3  of  the 
previous  28  Respir.mory  Care  Journal  Conferences  over 
the  last  20  years  have  dealt  specifically  with  invasive  me- 
chanical ventilation  in  adults.  I  found  it  particularly  inter- 
esting to  look  back  over  the  conferences  in  the  1 980s  and 
realize  that  many  of  the  issues  we  wrestle  with  today  were 
of  concern  back  then  as  well.  For  instance,  in  1982  there 
were  discussions  about  overdistention  injury,  patient  com- 
fort, and  the  role  of  positive  end-expiratory  pressure 
(PEEP);  in  1985  there  was  excitement  about  interactive 
ventilatit)n  modes,  techniques  to  reduce  imposed  work- 
loads, and  the  potential  for  closed-loop  ventilation;  and  in 
1986  there  was  controversy  about  the  risks  and  potential 
benefits  of  PEEP. 
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Despite  some  of  these  similarities,  however,  there  have 
clearly  been  new  developments  and  even  paradigm  shifts 
in  our  approach  to  invasive  mechanical  ventilation  since 
the  I98()s.  In  those  early  conferences  the  focus  was  clearly 
on  "normalizing"  physiology.  Moreover.  PEEP  was  often 
considered  a  technique  primarily  to  reduce  the  fraction  of 
inspired  oxygen  (F|o,).  and  large  tidal  volume  (Vy)  was 
believed  beneficial  because  it  reduced  atelectasis.  Indeed. 
I  think  20  years  ago  we  thought  of  invasive  mechanical 
ventilation  as  a  much  simpler  technology  than  we  think  of 
it  today.  We  realize  now  that  it  affects  many  biological 
functions  that  we  didn't  appreciate  back  then.  A  point  I 
always  emphasize  is  that  ventilators  are  not  therapeutic. 
They  don't  "cure"  anything.  The  only  thing  they  do  is  buy 
some  time  by  providing  gas  exchange  support.  On  the 
other  hand,  we  are  increasingly  learning  that  they  can  do 
an  awful  lot  of  harm. 

This  concept  of  "harm"  has  evolved  considerably  over 
the  last  19  years.  Alveolar  rupture,  oxygen  toxicity,  and 
cardiac  compromise  were  the  concerns  of  the  mid-1980s. 
Today  the  focus  is  on  more  subtle  "overstretch,"  "under- 
recruitment,"  and  shear  stress  injuries  that  produce  not 
only  physical  lung  damage  but  also  release  inflammatory 
cytokines  into  the  circulation  that  cause  organ  failures  else- 
where. We  also  now  seem  to  have  a  better  appreciation  of 
the  heterogeneity  of  lung  injury  in  patients  in  respiratory 
failure  and  the  fact  that  in  our  zeal  to  recruit  and  ventilate 
sick  regions  we  run  the  risk  of  overdistending  and  injuring 
healthier  regions. 

Another  aspect  of  "harm"  that  we  have  increasingly 
appreciated  is  the  issue  of  "iatrogenic  delays"  in  getting 
patients  off  of  mechanical  ventilatory  support  when  the 
lung  injury  has  resolved  to  the  point  that  unassisted  breath- 
ing is  possible.  We  now  realize  that  we  often  do  a  poor  job 
in  assessing  recovery,  in  providing  synchronous  assisted 
modes  of  ventilation,  and  of  proper  sedation  management, 
all  of  which  contribute  to  inappropriate  delays  in  with- 
drawal. 

I  think  there's  now  this  concept  that  managing  mechan- 
ical ventilatory  support  involves  important  trade-offs  and 
establishing  balances  between  competing  goals:  carbon  di- 
oxide clearance  and  recruitment  against  overstretch  injury; 
aggressive  withdrawal  strategies  against  the  risks  associ- 
ated with  premature  discontinuation:  sedation  needs  for 
comfort  against  oversedation  and  ventilator  withdrawal  de- 
lays: airway  security  with  an  endotracheal  tube  against  the 
loss  of  normal  upper  airway  (glottic)  protection.  To  ac- 
complish those  balances  we  find  ourselves  now  looking  at 
ultimate  outcomes,  as  opposed  to  intermediate  physiologic 
end  points,  to  guide  our  decision-making.  Put  another  way. 
we  are  now  appreciating  that  somewhat  hypoxemic,  hy- 
percarbic,  or  less  sedated  patients  may  experience  better 
outcomes  from  mechanical  ventilation  because  the  support 
strategy  is  used  in  a  safer  way. 


With  those  general  concepts  in  mind,  I'm  going  to  re- 
view each  of  the  conference's  presentations  and  comment 
on  them.  I  will  not  attempt  to  recapitulate  everything  that 
was  said:  we  haven't  the  time  to  do  that  and  it  would  take 
away  from  the  value  of  reading  each  of  the  papers  that 
were  submitted.  Rather.  I'm  going  to  give  you  my  thoughts 
on  the  key  points  addressed  by  each  speaker  and  summa- 
rize what  I  consider  the  important  take-home  messages. 

Indications 

Dave  Pierson  started  us  off  with  a  review  of  the  indi- 
cations for  mechanical  ventilation.  He  made  the  comment 
that  mechanical  ventilation  is  generally  given  when  care- 
givers believe  that  a  period  of  ventilator  support  is  worth 
the  risks  and  costs.  For  many  years  the  perceived  benefit 
of  improved  gas  exchange  often  drove  this  decision.  Along 
with  this  was  the  general  concept  that  overloaded  ventila- 
tory muscles  (pump  failure)  would  benefit  from  "rest"  on 
a  mechanical  ventilator.  By  the  1960s  the  application  of 
PEEP  to  recruit  alveoli  to  improve  ventilation-perfusion 
matching  and  gas  exchange  was  also  being  popularized. 
All  of  these  benefits  were  defined  by  improvements  in 
physiologic  abnormalities.  The  concept  of  harm  or  risks 
was  limited  to  oxygen  toxicity  (especially  in  neonates)  and 
pneumothorax  and/or  cardiac  compromise  from  very  high 
distending  pressures. 

Dave  pointed  out  that  a  number  of  developments  have 
forced  us  to  reconsider  these  physiologic  goals  as  the  pri- 
mary drivers  for  initiating  and  maintaining  ventilatory  sup- 
port. As  noted  above,  there  is  a  growing  appreciation  of 
many  other  risks  associated  with  invasive  mechanical  ven- 
tilation, as  well  as  the  costs  of  this  sophisticated  life  sup- 
port technology.  Moreover,  we  are  realizing  that  physio- 
logic improvement  does  not  necessarily  mean  a  better 
ultimate  outcome.  This  is  a  theme  that  I  think  holds  through- 
out this  conference,  with  many  speakers  addressing  it  in 
some  form. 

In  assessing  the  role  of  mechanical  ventilation.  Dave 
stressed  that  we  need  to  shift  our  research  focus  from 
describing  who  receives  mechanical  ventilation,  which  is 
the  theme  of  most  of  the  literature  up  until  recently,  to  try 
to  understand  who  really  does  need  it.  Moreover,  this  fo- 
cus needs  to  be  expanded  to  evaluate  how  invasive  that 
support  has  to  be  (ie,  noninvasive  mask  ventilation  may  be 
a  useful  substitute  for  invasive  mechanical  ventilation), 
how  aggressive  does  it  have  to  be  (ie,  total  vs  partial 
support),  and  how  long  is  the  support  really  needed. 

Dave  made  the  plea  to  use  evidence-based  medicine 
approaches,  but  he  noted  quite  accurately  that  only  2  of 
our  current  techniques  have  ever  been  subjected  to  ran- 
domized clinical  trials:  noninvasive  ventilation  in  acute 
exacerbations  of  chronic  obstructive  pulmonary  disease, 
and  high-frequency  ventilation.  Every  other  innovafion  over 
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the  last  20  years  (pressure  control,  inverse  ratio,  pressure 
regulated  volume  control — the  list  goes  on  and  on)  have 
all  been  incorporated  into  clinical  practice  based  on  either 
small  physiologic  studies  or.  unfortunately,  only  on  engi- 
neering data  and  "concept  sells." 

Dave  concluded  that  clinical  judgment  on  gas  exchange, 
pump  failure,  neuromuscular  failure,  and  (here's  the  big 
one)  perceived  respiratory  distress  will  continue  to  drive 
the  decisions  to  initiate  and  maintain  mechanical  ventila- 
tion. We  can  only  hope  that  in  the  future  we  might  learn 
who  really  benefits  from  the  various  mechanical  ventila- 
tion strategies. 

Frequency  and  Tidal  Volume 

In  the  next  presentation.  I  was  charged  with  speaking  to 
the  issue  of  setting  the  frequency  and  the  Vj.  Again.  I  tried 
to  return  to  the  idea  of  trade-offs.  Alveolar  (and  thus  ar- 
terial) Pq,  and  Pqo,  clearly  depend  on  minute  ventilation 
(Vg).  However,  we  need  to  balance  those  gas  exchange 
goals  against  the  risk  of  overstretching,  especially  of  the 
healthier  regions  of  the  lung. 

Overstretch  injury  is  a  direct  consequence  of  the  re- 
gional Vj  being  delivered  on  top  of  whatever  regional 
end-expiratory  lung  volume  is  produced  by  both  intrinsic 
and  extrinsic  PEEP.  1  tried  to  make  the  case  that  the  pla- 
teau pressure  (Ppia,)  is  probably  the  best  easily-obtained 
marker  of  the  risk  of  overstretch.  A  commonly  quoted 
threshold  is  30-35  cm  H2O,  the  normal  maximum  transal- 
veolar  pressure  at  total  lung  capacity.  However,  we  need 
to  recognize  that  that  pressure  is  probably  an  upper  limit, 
and  the  clinical  goal  should  be  to  keep  Pp,^,  well  below 
that.  In  clinically  using  P^,  „  to  guide  settings  we  also  have 
to  consider  the  effects  of  chest  wall  stiffness  on  the  airway 
Ppi^,  measurement  when  the  chest  wall  compliance  may  be 
low  (eg,  obesity,  bandages,  ascites). 

In  establishing  the  proper  balance  of  stretch  versus  gas 
exchange,  we  need  to  address  what  levels  of  pH  and  P^q, 
we  consider  acceptable.  There  are  no  good  data  to  guide  us 
on  the  lowest  tolerable  pH.  However,  7.2  is  commonly 
quoted  in  the  literature  and  7.15  was  the  lower  limit  of 
acceptability  in  the  ARDS  (acute  respiratory  distress  syn- 
drome) Network  trial.'  Pq  levels  as  low  as  55  mm  Hg  may 
be  well  tolerated,  provided  there  is  reasonable  oxygen  de- 
livery. 

In  distributing  the  desired  V^  between  frequency  and 
Vj  I  proposed  that  we  ought  to  start  at  a  Vy  of  6  mL/kg, 
because  that's  what  the  ARDS  Network  study  showed  to 
be  an  effective  strategy.'  However,  I  would  be  comfort- 
able adjusting  that  upward,  //Pp|.„  is  acceptable  in  order  to 
achieve  a  little  better  gas  exchange  or  comfort  (this  may  be 
particularly  relevant  in  patients  with  near  normal  lung  pa- 
renchyma but  who  require  mechanical  ventilation  for  neu- 
romuscular reasons).  Conversely,  we  probably  should  ad- 


just V,  downward  if  Pp,^,,  is  high  and  gas  exchange  is 
acceptable.  Frequency  is  then  adjusted  for  the  desired  Vg. 
It  must  be  recognized,  however,  that  as  frequency  (and 
Vg)  goes  up,  the  risk  of  air  trapping  and  intrinsic  PEEP 
goes  up.  Just  like  applied  PEEP,  intrinsic  PEEP  increases 
the  baseline  pressure  and  stretch  upon  which  the  Vj  is 
delivered,  and  the  end-inspiratory  stretch  increases  accord- 
ingly. 

1  also  spent  some  time  discussing  tlow  pattern.  The  idea 
of  longer  inspiratory  time  has  a  lot  of  interesting  physiol- 
ogy; there's  more  time  for  gas  mixing,  more  time  to  recruit 
alveoli  with  slow  time  constants,  and  there  is  the  potential 
to  develop  air  trapping/intrinsic  PEEP.  However,  there  are 
no  good  outcome  data  supporting  the  use  of  long  inspira- 
tory time,  and  the  potential  for  discomfort  and  possible 
lung  injury  from  prolonged  inspirations  and/or  shear  stress 
should  make  us  cautious  in  applying  this  technique,  even 
if  spontaneous  breaths  are  permitted  (see  airway  pressure 
release  ventilation  [APRV]  below). 

Regarding  pressure-targeting  versus  tlow/volume- 
targeting  (covered  in  more  detail  by  Bob  Campbell  later). 
there  are  limited  data  suggesting  that  the  rapidly  decelerating 
flows  of  pressure-targeted  breaths  may  improve  gas  mixing  a 
little  bit  and  probably  improve  comfort  in  s(,)me  patients  who 
have  increased  ventilatory  drive.  1  noted,  however,  a  discon- 
certing study  suggesting  that  a  rapid  initial  decelerating  flow 
may  create  an  acceleration  injury  in  the  lung.-  I  think  further 
study  is  needed  on  this  to  clarify  how  the  flow  pattern  may  or 
may  not  impact  lung  injury. 

I  closed  with  the  idea  that  maybe  high-frequency  ven- 
tilation (HFV)  is  the  "ultimate"  lung-protective  strategy. 
The  basis  for  this  is  that  HF'V  creates  considerable  intrin- 
sic PEEP,  which,  when  coupled  with  sustained  inflation 
maneuvers,  can  provide  substantial  alveolar  recruitment. 
In  addition,  the  small  Vy  of  HFV  prevents  excessive  end- 
inspiratory  distention.  Bob  Kacmarek  discussed  this  in  more 
detail  later  in  the  conference,  but  I  did  point  out  that  in 
infants  at  risk  for  overstretch  injury  there  do  appear  to  be 
some  better  outcomes.  The  as-yet-unpublished  adult  trial 
was  encouraging,  but,  as  many  at  this  conference  pointed, 
the  control  group  in  that  trial  was  not  treated  with  the 
state-of-the-art  ARDS  Network  ventilator  management  pro- 
tocol. Whether  HFV  will  stand  up  against  better  so-called 
open-lung  strategies  still  has  to  be  determined. 

Positive  End-Expiratory  Pressure 
and  Fraction  of  Inspired  Oxygen 

We  then  moved  to  LIuis  Blanch's  presentation  on  PEEP 
and  alveolar  recruitment.  Figure  1  illustrates  the  effects  of 
PEEP  on  pressure-volume  (P-V)  plots.  Example  A  in  Fig- 
ure 1  represents  a  collapsed,  gasless  lung  unit  at  end  ex- 
piration. At  that  point  ventilation-perfusion  matching  is. 
obviously,  zero.  With  the  application  of  positive  pressure 
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Fig.  1 .  Pressure-volume  plot  of  a  lung  unit  being  ventilated  with  a  tidal  volume  (V^)  of  1 ,000  ml  under  3  conditions  of  positive  end-expiratory 
pressure  (PEEP).  In  condition  A  there  is  no  PEEP  and  there  is  unit  collapse  at  end  expiration.  In  condition  B  PEEP  of  10  cm  H2O  prevents 
unit  collapse  (derecruitment).  In  condition  C  PEEP  of  15  cm  H2O  also  prevents  collapse  but,  when  combined  with  the  Vj,  produces 
excessive  stretch  at  end  inspiration.  (Modified  from  Reference  3,  with  permission.) 


some  alveoli  in  that  unit  begin  to  open  at  about  6-7  cm 
H2O.  As  the  inflation  pressure  is  increased,  volume  is 
added  to  that  unit,  through  both  recruitment  of  additional 
alveoli  and  distention  of  those  already  opened.  In  this 
example,  the  total  inflation  volume  is  1,000  mL  and  the 
end-inspiratory  distending,  or  stretching,  pressure  is  45  cm 
H^O  (a  total  unit  compliance  of  1,000/45  or  22  mL/cm 
HjO).  If  sufficient  PEEP  is  applied  to  prevent  the  expira- 
tory collapse  (eg,  10  cm  HjO,  as  in  example  B),  several 
things  occur.  First,  the  unit  is  no  longer  gas-less  at  end 
expiration  and  thus  ventilation-perfusion  matching  is  im- 
proved. Second,  repeated  alveolar  opening-and-col- 
lapse — an  important  contributor  to  ventilator-induced  lung 
injury — is  prevented.  Third,  the  maintenance  of  alveolar 
patency  and  the  surfactant  monolayer  throughout  the  ven- 
tilatory cycle  improves  the  overall  compliance  of  the  unit 
such  that  a  lower  maximum  distending  pressure  is  required 
(compliance  is  now  1.000/[40-10]  =  33  mL/cm  H,0). 
Note  in  example  C  that  additional  PEEP  coupled  with  a 
high  Vj  can  produce  an  overdistended  lung  unit  with  wors- 
ening compliance  (compliance  is  l,000/[60-15]  =  22 
mL/cm  H2O)  and  an  increased  risk  of  overstretch  ventila- 
tor-induced lung  injury. 

Lluis  illustrated  these  points  quite  well  with  computer- 
ized tomography  (CT)  scans,  but  pointed  out  that  the  CT 
assessment  for  recruitment  and  the  static  P-V  curve  do  not 
always  correlate.  This  probably  reflects  the  fact  that  the 
CT  scan  can  clearly  distinguish  between  open  and  col- 
lapsed regions  of  the  lung,  whereas  the  static  P-V  curve  is 
a  global  representation  of  the  lung  as  a  whole. 


That  led  into  a  discussion  about  the  utility  of  P-V  curves. 
Lluis  pointed  out  the  technical  difficulty  of  properly  per- 
forming the  static  measurement  but  commented  that  the 
slow-flow  technique  might  allow  simpler  P-V  assessments 
in  the  future.  The  P-V  curve  concept  is  to  put  the  lung  on 
the  deflation  limb  (possibly  with  the  use  of  a  recruitment 
maneuver,  as  discussed  later  by  Dean  Hess)  and  then  use 
enough  PEEP  to  avoid  collapse.  The  subsequent  PEEP-V-p 
combination  should  keep  the  lung  on  the  deflation  limb 
and  not  produce  overstretch.  After  discussing  these  ap- 
proaches for  a  substantial  period  we  took  a  poll  around  the 
table  and  found  that  only  2  of  the  speakers  actually  use 
P-V  measurements  clinically.  1  think  the  rest  of  us  have  a 
lot  of  concern  as  to  how  one  might  actually  and  on  a 
routine  basis  use  either  CT  scans  or  P-V  curves  to  guide 
ventilator  settings.  Moreover,  even  if  we  set  the  PEEP  so 
that  we  think  we  have  optimal  recruitment  from  a  mechan- 
ical perspective,  is  that  really  where  we  want  to  be.  and 
does  it  really  improve  outcome? 

Lluis  then  reviewed  the  concept  of  the  distribution  of 
volume  from  PEEP.  He  showed  data  suggesting  that  the 
distribution  of  additional  lung  volume  created  by  PEEP 
seems  to  depend  on  the  type  of  lung  injury  present.  For 
instance,  in  ARDS  from  extrapulmonary  causes,  where  the 
lung  is  one  of  many  organs  being  hit  by  a  systemic  pro- 
cess, the  lung  injury  is  often  quite  homogenous.  Under 
those  conditions  PEEP  application  can  produce  homoge- 
neous recruitment.  In  contrast,  ARDS  from  a  primary  lung 
injury  often  creates  focal,  dense  infiltrates.  Under  those 
conditions  PEEP  will  often  distribute  volume  to  the  more 


Respiratory  Care  •  April  2002  Vol  47  No  4 


511 


In\asivi;  MuciiANiLAL  Ventilation  in  Adults:  CoNiLRtNCH  Summary 


I'ahk-  L       AROS  Ni-lwoik  I'l-l-P  .iiul  I,,,   CukW 


Oxygenalion  Goal:  P„„  55-80  mm  Hg  or  S^^,,  88-^5'^-.  If  measured  value  is  below  the  goal,  move  up  1  step.  II  measured  value  is  abo\e  ihe  goal. 
move  dow  i\  1  step. 

I'HHP  (cm  H.,0)  5  5  8  8  10  10  10  i:  1-4  !•)  1-)  16  18  18         20         22         24 

comhincd  «illi 

F,,,  O.i         0.4         0.4         0.5         0.5         0.6         0.7         0.7         0.7         0.8         0.^         O.y         0.9  1111 


ARl>S  ^  acme  ivspiralorv  distress  s\  iidi\>inc 

Pl-.l-.P    -  [H\>ili\c  ciul.c\piialor\  pivssliiv 

Sin);  "  ovygcil  samnilion  incasuitsl  via  pulse  oMiuctry 

Fjo,  ~  h-aeh(vn  ol  inspired  oxyjleil 

(Adaple^l  I'min  Relerciice  1) 


conipli;iiU.  IxMlihior  liinj;  roeions  ;ind  may  liavc  lilllo  effect 
on  reeniiimu  miiiieii  regions. 

,\i  llic  end  o\  l.hus's  session  1  ihink  we  all  agrecii  Ihal. 
for  now.  arienal  o\\i;enation  leniains  ilie  princi|ile  dii\er 
for  seleetjon  o\'  V\-\V  and  r,,,  .  We  also  agreed,  however, 
thai  nhi.\inii:ini;  arienal  owgonaiion  was  not  necessarily 
the  goal,  as  it  often  was  not  worth  the  cost.  Witness  the 
oxygenation  data  from  the  first  .^  days  oi  the  ARDS  Net- 
work trial,  which  showed  ih.ii  the  higher-V,.  strategy  pro- 
duced additional  locruiimcnt  and  a  better  P,,o/Fi(i,  '";"'*"' 
but  ended  up  with  worse  outcome.' 

1  brought  the  PEEP/F,o  table  from  the  .ARDS  Network 
trial'  liable  It  because  it  seemed  like  a  reasonable  ap- 
proach to  using  WA-.V  and  iec|uiied  only  gas  exchange 
assessment.  \'m  not  say  ing  it's  the  best  scale,  but  it  worked! 
The  Ifl  centers  m  the  .\R1").S  Network  were  able  to  keep  up 
wilh  the  table,  tor  the  most  part,  and  the  strategy,  obvi- 
ousK,  was  associated  wnh  a  pretty  decent  mortality  in  the 
low-V,  group.  Note  that  the  table  is  bracketed  by  PEEP 
values  of  5  and  24  cm  HsO,  \■^^y^  values  of  0..^  and  1.0,  and 
that  you  use  P,,o^  or  pulse-oxinietry-measuied  oxy  gen  sat- 
uration to  drive  those  settings  either  up  or  dow n  the  .scale. 
Several  participants  argued  that  this  approach  to  PEEP 
may  not  be  appropriately  aggressive  if  we  "buy  into"  the 
so  c.illed  'o|ieii  lung"  concept.  To  address  this,  1  would 
jioint  out  that  there's  a  new  .XROS  Network  trial  underway 
(the  Assessment  of  Low  Tidal  Volume  and  Elevated 
End-F.xpiiatorv  X'ohune  to  Obviate  Lung  Injury  study  — 
.M.VEOll)  that  IS  evaluating  a  PEEP-F,o,  table  with  more 
emphasis  on  early  PEEP.-*  Its  still  bracketed  at  .>  and  24 
cm  Hs(\  but  the  way  in  which  the  steps  are  created  puts 
more  IM-LP  on  the  front  end  oi  the  scale,  so  patients  re- 
ceiving the  aggressive  PEEP  strategy  in  the  .ALVEOLI 
study  receive  initial  PFFP  levels  in  the  low-mid  teens  las 
opposed  to  the  original  .XROS  Network  trial  where  initial 
PEEP  levels  were  8-*^  em  H,Ot.  These  v. dues  m  the  ag- 
gressive PEEP  strategy  are  similar  to  those  used  by  .-\mato 
in  his  positive  trial  o(  "iipen  lung  "  ventilatory  strategies. 

At  the  present  tune  1  think  that  the  scale  in  Table  1  is  a 
reasonable  way  to  do  things.  But  the  fascinating  physiol- 


ogy that  Lluis  and  others  showed  us  make  me  hopeful  that 
someday  we  will  be  able  to  use  some  more  logical  me- 
chanical appunichcs  to  those  ventilator  settings. 

Pressure  Control  \  ersus  \  oluine  Control 

Bob  Campbell  followed  and  discussed  the  issue  of  pres- 
sure-targeted versus  tlow/volume-largetcil  ventilation. 
\\  ith  I  low /volume-targeting,  the  clinician  sets  a  How  and 
a  volume;  those  are  the  independent  v ariables.  Pressure  is 
the  dependent  variable  and  it  lises  or  tails  depending  on 
compliance,  resistance,  or  patient  effort.  In  contrast,  with 
pressure-targeting  the  clinician  sets  the  inspiratory  pres- 
sure. Pressure  is  thus  the  independent  variable,  and  tlow 
and  volume  become  the  dependent  variables,  rising  or  fall- 
ing depending  on  compliance,  resistance,  or  patient  effort 

Bob  noted  that  some  data  show  minor  Pq_  and  dead 
space  (V^-,)  improvements  on  pressure-control  versus  vol- 
ume-ccintrol  ventilation.  This  is  sometimes  hard  to  sort 
out,  however,  because  many  ol  those  studies  combined 
pressure  control  with  inverse  ratio  ventilation.  Neverthe- 
less, there  is  some  reason  to  believe  that  the  rapid  initial 
flow  pattern  of  the  pressure-targeted  breath  nun  prov  ide  a 
better  distribution  o(  gas  in  the  lung.  However,  as  Bob 
Kacmarek  points  out  quite  accurately,  if  you  take  a  vol- 
ume-control breath  .uid  put  a  decelerating  tlow  profile  on 
it,  vou  will  often  see  similar  effects.  .As  far  as  synchrony 
is  ciincerned.  the  work  of  breathing  is  sometimes  less  with 
the  rapid  initial  llmvs  of  the  pressure  targeted  breath  if  the 
\',  is  small  or  the  patient  has  high  inspiratory  demand.  For 
a  given  mean  pressure,  v olume  and  pressure  targeting  prob- 
ably have  similar  hemodynamic  ettects. 

It  is  important  for  clinicians  to  understand  how  pressure 
and  volume  targeting  will  behave  with  changing  lung  me- 
chanics. For  example,  if  regional  mechanics  w  orsen.  vol- 
ume targeting  will  keep  a  constant  Vy  but  Pp,,,,  will  rise 
and  the  \',  will  be  preferentially  distributed  to  healthier 
regions,  increasing  the  risk  o\  regional  overdistention.  V,. 
and  carbon  dioxide  clearance,  however,  will  be  largely 
preserved    In  contrast,  with  worsening  o\  regional  me- 


51 : 


Respiratory  Care  •  April  2002  Vol  47  No  4 


Invasive  Mi;ciianhai,  ViiNiiLATioN  in  Auui.rs:  Cunilkenci;  Summaky 


chanics  during  pressure-targeted  ventilation,  the  pressure 
limit  is  preserved,  the  overall  V^  decreases  (and  thus  car- 
bon dioxide  clearance  is  reiluccd).  hut  the  regional  strctcii 
in  the  healthier  miits  is  unciiangcd.  This  knig  protection  (at 
the  expense  of  less  carbon  tiioxidc  clearance)  is  a  putative 
advantage  to  pressure  targeting.  Ho\\c\cr.  Bob  Kacinarck 
argued  that  good  alarms  and  astute  clinicians  could  ac- 
complish similar  goals  with  \iiiumc-targeting  strategies. 

M>  take  on  this  is  that  it  carbon  dioxide  clearance  is 
more  important  than  pressure  limiting,  use  volume  target- 
ing. In  contrast,  it' the  pressure  limit  or  the  variable  flow  is 
more  important  than  the  carbon  dioxiile  clearance,  use 
pressure  targeting.  Outcomes  are  very  difficult  to  assess  on 
this  issue.  Both  Amato  et  al'^  and  Esteban  et  al*"  used  pres- 
sure control  and  found  it  effective.  The  ARD.S  Network 
used  volume  control.'  1  don't  think  there's  any  clear  out- 
come benefit  to  cither  form  of  targeting,  as  long  as  clini- 
cians understand  the  mode  behavior  and  set  the  ventilator 
accordingly. 

The  Kole  of  Spontaneous  Breathing 

Ralf  Kuhlen  followed  with  the  issue  of  spontaneous 
breathing  and  its  role  in  recruitment,  cardiac  function,  and 
comfort.  He  started  out  reminding  us  that  diaphragm  mo- 
tit)n  and  gas  distribution  differ  depending  on  whether  the 
diaphragm  is  active  or  passive.  If  it's  active,  ventilation  is 
more  evenly  distributed  and  includes  substantial  dorsal 
aeration.  If  it's  passive  and  ventilated  with  positive-pres- 
sure breaths,  motion  and  ventilation  are  largely  in  the  ven- 
tral regions.  Because  of  this,  an  active  diaphragm  facili- 
tates recruitment  and  reduces  atelectasis. 

This  concept  has  led  to  the  development  of  a  form  of 
ventilatory  support  incorporating  moderate  to  high  levels 
of  airway  pressure  for  prolonged  periods,  interspersed  with 
brief  deflations  and  accompanied  by  spontaneous  breath- 
ing. Although  some  have  labeled  this  strategy  "upside  down 
SIMV  (synchronized  intermittent  mandatory  ventilation)," 
it  is  more  commonly  referred  to  as  airway  pressure  release 
ventilation  (APRV).  BIPAP.  bi-level.  or  biphasic  ventila- 
tory support.  From  an  engineering  design  perspective,  it  is 
a  pressure-targeted,  time-cycled  mode  with  a  pressure  re- 
lea.se  mechanism  that  allows  the  patient  to  both  exhale  and 
inhale  and  still  keep  the  ventilator's  inflation  pressure  con- 
stant. From  a  clinical  perspective,  it  is  similar  to  pressure- 
controlled  inverse  ratio  \entilation  except  that  the  intlation 
pressures  are  generally  lower,  since  the  spontaneous  breath- 
ing provides  a  portion  of  the  V,   requirement. 

APRV  has  been  shov\  n  in  multiple  studies  to  perform  as 
designed.  Moreo\er.  it  does  provide  good  gas  exchange 
and  recruitment  with  less  sedation  than  pressure-controlled 
inverse  ratio  \entilation.  A  recently  published  study  sug- 
gested better  outcomes  with  APRV  than  with  a  conven- 
tional approach,  but  the  study  was  flawed  in  that  the  ARDS 


Network  protocol  was  not  the  contml  grouj)  strategy,  the 
|iaticnts  were  much  sicker  in  the  conventional  group,  and 
the  |irotocol  mandated  .^  ilays  of  paralysis  in  the  conven- 
tional group. ' 

Ralf  poinlcil  out  that,  although  APRV  puts  a  pressure 
limit  on  the  ventilator  stretch,  the  potential  for  spontane- 
ous V|  above  that  can  adil  to  the  enil-inspiratory  stretch. 
This  is  especially  important  with  machines  that  also  pro- 
vide pressure  support  above  the  set  inllation  pressure  of 
APRV. 

Keeruitment  Maneuvers 

Dean  Hess  returned  to  the  issue  of  alveolar  recruilinent 
with  his  discussion  on  sustained  inflations  or  "recruitment 
maneuvers."  Building  on  the  concepts  developed  earlier 
by  Lluis,  that  alveolar  recruitment  occurs  thniui;li(nti  a  full 
inflation.  Dean's  argument  was  that  recruitment  maneu- 
vers could  open  all  the  recruitable  alveoli  and  then  PFEP 
could  be  applied  to  prevent  subsequent  derecruitment.  Put 
another  way.  recruitment  maneuvers  coukl  put  the  lung  on 
the  deflation  limb  of  the  P-V  curve  and  appropriate  PEEP 
settings  would  keep  it  there. 

Dean  reviewed  a  number  of  ways  of  providing  recruit- 
ment, including  intermittent  sigh  breaths  or  even  synchro- 
ni/cil  intermittent  mandatory  ventilation.  More  formal  re- 
cruitment maneuvers,  however,  usual  involve  inflations  up 
to  anil  above  the  upper  inflection  point  on  a  P-V  curve  for 
up  to  I  or  even  2  minutes.  The  consensus  is  that  recruit- 
ment maneuvers  generally  increase  P,, .  However,  there  is 
less  consensus  on  the  duration  of  the  effect  (it  may  well 
depend  on  the  appropriateness  of  the  subsequent  PEEP 
setting)  or  the  ultimate  outcome. 

Although  clinical  data  suggest  that  recruitment  maneu- 
vers are  generally  safe,  there  are  concerns.  For  example, 
there  is  the  conceptual  risk  of  overdistention  injury  as  well 
as  the  potential  tor  shear  stress  injury  caused  by  markedly 
different  regional  volumes  being  delivered  to  adjacent  lung 
units.  There  are  also  cardiovascular  concerns  (eg.  hypo- 
tension, dysrhythmias)  when  high  intrathoracic  pressures 
are  applied,  even  if  for  a  brief  period. 

Dean  also  discussed  other  ways  to  recruit  alveoli,  in- 
cluding HFV,  spontaneous  breaths  (see  above)  and  pron- 
ing.  An  approach  I  found  intriguing  was  "noisy  ventila- 
tion"— a  ventilation  pattern  with  rhythmically  varying 
frequencies  and  V,.  which  seems  to  provide  substantial 
recruitment. 

At  the  end  of  Dean's  presentation  was  a  question  that  I 
think  summed  up  well  the  whole  issue  of  lung  recruitment 
strategies:  Are  open  lungs  "happy"  lungs,  or  are  they  just 
"pretty"  lungs?  I  think  that's  an  important  question  that  we 
need  to  gel  answered  in  the  \ery  near  future. 
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Table  \.      ARDS  Network  PEEP  and  F,,,,  Guide 


Oxygenation  Goal:  P^o,  55-80  mm  Hg  or  Spo,  88-95%.  If  measured  value  is  below  the  goal,  move  up  I  step.  If  measured  value  is  above  the  goal, 
move  down  1  step. 


PEEP  (cm  H,0) 


0.3 


0.4 


0.4 


0.5 


10 


0.5 


10 


0.6 


10  12 

combined  with 
0.7         0.7 


14 


0.7 


14 


0.8 


14 


0.9 


16 


0.9         0.9 


18 


20 


24 


ARDS  =  acute  re.'ipiratory  distress  syndrome 

PEEP  -  ptjsitive  end-expiratory  pre.ssun; 

Sp().  =  oxygen  saturation  mea-sured  via  pulse  oximetry 

Flo,  =  fraction  of  inspired  oxygen 

(Adapted  from  Reference  1  ) 


compliant,  healthier  lung  regions  and  may  have  little  effect 
on  recruiting  injureti  regions. 

At  the  end  of  Lluis's  session  1  think  we  all  agreed  that, 
for  now.  arterial  oxygenation  remains  the  principle  driver 
for  selection  of  PEEP  and  F|o,-  We  also  agreed,  however, 
that  maximizing  arterial  oxygenation  was  not  necessarily 
the  goal,  as  it  often  was  not  worth  the  cost.  Witness  the 
oxygenation  data  from  the  first  3  days  of  the  ARDS  Net- 
work trial,  which  showed  that  the  higher- Vy  strategy  pro- 
duced additional  recruitment  and  a  better  Pao.^io,  ■''^tio 
but  ended  up  with  worse  outcome.' 

I  brought  the  PEEP/F|o,  table  from  the  ARDS  Network 
trial'  (Table  I)  because  it  seemed  like  a  reasonable  ap- 
proach to  using  PEEP  and  required  only  gas  exchange 
assessment.  Em  not  saying  it's  the  best  scale,  but  it  worked! 
The  10  centers  in  the  ARDS  Network  were  able  to  keep  up 
with  the  table,  for  the  most  part,  and  the  strategy,  obvi- 
ously, was  associated  with  a  pretty  decent  mortality  in  the 
low-Vy  group.  Note  that  the  table  is  bracketed  by  PEEP 
values  of  5  and  24  cm  H^O.  F|o,  values  of  0.3  and  1 .0,  and 
that  you  use  P^q,  or  pulse-oximetry-measured  oxygen  sat- 
uration to  drive  those  settings  either  up  or  down  the  scale. 
Several  participants  argued  that  this  approach  to  PEEP 
may  not  be  appropriately  aggressive  if  we  "buy  into"  the 
so  called  "open  lung"  concept.  To  address  this.  I  would 
point  out  that  there's  a  new  ARDS  Network  trial  underway 
(the  Assessment  of  Low  Tidal  Volume  and  Elevated 
End-Expiratory  Volume  to  Obviate  Lung  Injury  study — 
ALVEOLI)  that  is  evaluating  a  PEEP-F|o^  table  with  more 
emphasis  on  early  PEEP.-*  It's  still  bracketed  at  5  and  24 
cm  H-,0.  but  the  way  in  which  the  steps  are  created  puts 
more  PEEP  on  the  front  end  of  the  scale,  so  patients  re- 
ceiving the  aggressive  PEEP  strategy  in  the  ALVEOLI 
study  receive  initial  PEEP  levels  in  the  low-mid  teens  (as 
opposed  to  the  original  ARDS  Network  trial  where  initial 
PEEP  levels  were  8-9  cm  H^O).  These  values  in  the  ag- 
gressive PEEP  strategy  are  similar  to  those  used  by  Amato 
in  his  positive  trial  of  "open  lung"  ventilatory  strategies. 

At  the  present  time  I  think  that  the  scale  in  Table  1  is  a 
reasonable  way  to  do  things.  But  the  fascinating  physiol- 


ogy that  Lluis  and  others  showed  us  make  me  hopeful  that 
someday  we  will  be  able  to  use  some  more  logical  me- 
chanical approaches  to  those  ventilator  settings. 

Pressure  Control  Versus  Volume  Control 

Bob  Campbell  followed  and  discussed  the  issue  of  pres- 
sure-targeted versus  tlow/volume-targeted  ventilation. 
With  tlow/volume-targeting.  the  clinician  sets  a  flow  and 
a  volume;  those  are  the  independent  variables.  Pressure  is 
the  dependent  variable  and  it  rises  or  falls  depending  on 
compliance,  resistance,  or  patient  effort.  In  contrast,  with 
pressure-targeting  the  clinician  sets  the  inspiratory  pres- 
sure. Pressure  is  thus  the  independent  variable,  and  flow 
and  volume  become  the  dependent  variables,  rising  or  fall- 
ing depending  on  compliance,  resistance,  or  patient  effort 

Bob  noted  that  some  data  show  minor  Po,  and  dead 
space  (Vq)  improvements  on  pressure-control  versus  vol- 
ume-control ventilation.  This  is  sometimes  hard  to  sort 
out.  however,  because  many  of  those  studies  combined 
pressure  control  with  inverse  ratio  ventilation.  Neverthe- 
less, there  is  some  reason  to  believe  that  the  rapid  initial 
flow  pattern  of  the  pressure-targeted  breath  may  provide  a 
better  distribution  of  gas  in  the  lung.  However,  as  Bob 
Kacmarek  points  out  quite  accurately,  if  you  take  a  vol- 
ume-control breath  and  put  a  decelerating  flow  profile  on 
it.  you  will  often  see  similar  effects.  As  far  as  synchrony 
is  concerned,  the  work  of  breathing  is  sometimes  less  with 
the  rapid  initial  tlows  of  the  pressure  targeted  breath  if  the 
V.J-  is  small  or  the  patient  has  high  inspiratory  demand.  For 
a  given  mean  pressure,  volume  and  pressure  targeting  prob- 
ably have  similar  hemodynamic  effects. 

It  is  important  for  clinicians  to  understand  how  pressure 
and  volume  targeting  will  behave  with  changing  lung  me- 
chanics. For  example,  if  regional  mechanics  worsen,  vol- 
ume targeting  will  keep  a  constant  V^^  but  Pj,,,,,  will  rise 
and  the  V,  will  be  preferentially  distributed  to  healthier 
regions,  increasing  the  risk  of  regional  overdistention.  Vj; 
and  carbon  dioxide  clearance,  however,  will  be  largely 
preserved.  In  contrast,  with  worsening  of  regional  me- 
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chanics  during  pressure-targeted  ventilation,  the  pressure 
limit  is  preserved,  the  overall  Vy  decreases  (and  thus  car- 
bon dioxide  clearance  is  reduced),  but  the  regional  stretch 
in  the  healthier  units  is  unchanged.  This  lung  protection  (at 
the  expense  of  less  carbon  dioxide  clearance)  is  a  putative 
advantage  to  pressure  targeting.  However.  Bob  Kacmarek 
argued  that  good  alarms  and  astute  clinicians  could  ac- 
complish similar  goals  with  volume-targeting  strategies. 

My  take  on  this  is  that  it"  carbon  dioxide  clearance  is 
more  important  than  pressure  limiting,  use  volume  target- 
ing. In  contrast,  if  the  pressure  limit  or  the  variable  flow  is 
more  important  than  the  carbon  dioxide  clearance,  use 
pressure  targeting.  Outcomes  are  very  difficult  to  assess  on 
this  issue.  Both  Amato  et  al"^  and  Esteban  et  al**  used  pres- 
sure control  and  found  it  effective.  The  ARDS  Network 
used  volume  control.'  I  don't  think  there's  any  clear  out- 
come benefit  to  either  form  of  targeting,  as  long  as  clini- 
cians understand  the  mode  behavior  and  set  the  ventilator 
accordingh. 

The  Role  of  Spontaneous  Breathing 

Ralf  Kuhlen  followed  with  the  issue  of  spontaneous 
breathing  and  its  role  in  recruitment,  cardiac  function,  and 
comfort.  He  started  out  reminding  us  that  diaphragm  mo- 
tion and  gas  distribution  differ  depending  on  whether  the 
diaphragm  is  active  or  passive.  If  it's  active,  ventilation  is 
more  evenly  distributed  and  includes  substantial  dorsal 
aeration.  If  it's  passive  and  ventilated  with  positive-pres- 
sure breaths,  motion  and  ventilation  are  largely  in  the  ven- 
tral regions.  Because  of  this,  an  active  diaphragm  facili- 
tates recruitment  and  reduces  atelectasis. 

This  concept  has  led  to  the  development  of  a  form  of 
ventilatory  support  incorporating  moderate  to  high  levels 
of  airway  pressure  for  prolonged  periods,  interspersed  with 
brief  deflations  and  accompanied  by  spontaneous  breath- 
ing. Although  some  have  labeled  this  strategy  "upside  down 
SIMV  (synchronized  intermittent  mandatory  ventilation)," 
it  is  more  commonly  referred  to  as  airway  pressure  release 
ventilation  (APRV).  BIPAP.  bi-level,  or  biphasic  ventila- 
tory support.  From  an  engineering  design  perspective,  it  is 
a  pressure-targeted,  time-cycled  mode  with  a  pressure  re- 
lease mechanism  that  allows  the  patient  to  both  exhale  and 
inhale  and  still  keep  the  ventilator's  inflation  pressure  con- 
stant. From  a  clinical  perspective,  it  is  similar  to  pressure- 
controlled  inverse  ratio  \entilation  except  that  the  inflation 
pressures  are  generally  lower,  since  the  spontaneous  breath- 
ing provides  a  portion  of  the  V,;  requirement. 

APRV  has  been  shown  in  multiple  studies  to  perform  as 
designed.  Moreover,  it  does  provide  good  gas  exchange 
and  recruitment  with  less  sedation  than  pressure-controlled 
inverse  ratio  ventilation.  A  recently  published  study  sug- 
gested better  outcomes  with  APRV  than  with  a  conven- 
tional approach,  but  the  study  was  flawed  in  that  the  ARDS 


Network  protocol  was  not  the  control  group  strategy,  the 
patients  were  much  sicker  in  the  conventional  group,  and 
the  protocol  mandated  .^  days  of  paralysis  in  the  conven- 
tional group." 

Ralf  pointed  out  that,  although  APRV  puts  a  pressure 
limit  on  the  \entilator  stretch,  the  potential  for  spontane- 
ous Vj  above  that  can  add  to  the  eiid-inspiratory  stretch. 
This  is  especially  important  with  machines  that  also  pro- 
vide pressure  support  above  the  set  inllation  pressure  of 
APRV. 

Recruitment  Maneuvers 

Dean  Hess  returned  to  the  issue  of  alveolar  recruitment 
with  his  discussion  on  sustained  inflations  or  "recruitment 
maneuvers."  Building  on  the  concepts  developed  earlier 
by  Lluis,  that  alveolar  recruitment  occurs  throughout  a  full 
inflation.  Dean's  argument  was  that  recruitment  maneu- 
vers could  open  all  the  recruitable  alveoli  and  then  PEEP 
could  be  applied  to  prevent  subsequent  derecruitment.  Put 
another  way,  recruitment  maneuvers  could  put  the  lung  on 
the  deflation  limb  of  the  P-V  curve  and  appropriate  PEEP 
settings  would  keep  it  there. 

Dean  reviewed  a  number  of  ways  of  providing  recruit- 
ment, including  intermittent  sigh  breaths  or  even  synchro- 
nized intermittent  mandatory  ventilation.  More  formal  re- 
cruitment maneuvers,  however,  usual  involve  inflations  up 
to  and  above  the  upper  inflection  point  on  a  P-V  curve  for 
up  to  1  or  even  2  minutes.  The  consensus  is  that  recruit- 
ment maneuvers  generally  increase  Pq,.  However,  there  is 
less  consensus  on  the  duration  of  the  effect  (it  may  well 
depend  on  the  appropriateness  of  the  subsequent  PEEP 
setting)  or  the  ultimate  outcome. 

Although  clinical  data  suggest  that  recruitment  maneu- 
vers are  generally  safe,  there  are  concerns.  For  example, 
there  is  the  conceptual  risk  of  overdistention  injury  as  well 
as  the  potential  for  shear  stress  injury  caused  by  markedly 
different  regional  volumes  being  delivered  to  adjacent  lung 
units.  There  are  also  cardiovascular  concerns  (eg.  hypo- 
tension, dysrhythmias)  when  high  intrathoracic  pressures 
are  applied,  even  if  for  a  brief  period. 

Dean  also  discussed  other  ways  to  recruit  alveoli,  in- 
cluding HFV.  spontaneous  breaths  (see  above)  and  pron- 
ing.  An  approach  I  found  intriguing  was  "noisy  ventila- 
tion"— a  ventilation  pattern  with  rhythmically  varying 
frequencies  and  V,.  which  seems  to  provide  substantial 
recruitment. 

At  the  end  of  Dean's  presentation  was  a  question  that  I 
think  summed  up  well  the  whole  issue  of  lung  recruitment 
strategies:  Are  open  lungs  "happy"  lungs,  or  are  they  just 
"pretty"  lungs?  1  think  that's  an  important  question  that  we 
need  to  eet  answered  in  the  \erv  near  future. 
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Weaning  and  Extubation 

Scott  Epstein  did  2  presentations  on  the  withdrawal  pro- 
cess: the  first  focused  on  discontinuation  assessment  and 
management,  the  second  on  extubation.  prediction  of  ex- 
tubation success,  and  the  causes  of  extubation  failure.  Both 
of  those  discussions  followed  the  process  and  discussed 
the  conclusions  of  the  recent  Evidence-Based  Ventilator 
Discontinuation  Task  Force  of  the  American  College  of 
Chest  Physicians  ( ACCPVAARC/Society  for  Critical  Care 
Medicine  (SCCM).'-  of  which  Scott  was  a  key  member. 
Because  of  this.  I'm  going  to  combine  my  comments  on 
both  of  his  presentations  into  a  single  di.scussion. 

Scott  began  by  differentiating  between  discontinuation 
and  weaning,  the  former  being  the  act  of  removing  venti- 
lator support  and  the  latter  being  the  gradual  reduction  of 
ventilatory  support.  The  distinction  is  important  because 
the  goals  are  different  for  each  and  study  designs  must  be 
structured  accordingly.  Moreover,  the  results  of  a  discon- 
tinuation-focused study  will  have  different  implications 
than  a  weaning-focused  study. 

Scott  then  reminded  us  how  the  2  large  trials  comparing 
weaning  strategies"  '-•  were  particularly  useful  in  illustrat- 
ing how  poor  we  often  are  at  recognizing  discontinuation 
potential.  Indeed,  in  both  of  these  studies  the  majority  of 
supposedly  ventilator-dependent  patients  could  not  be  en- 
tered into  the  trials  because  they  actually  passed  a  screen- 
ing spontaneous  breathing  trial  (SET)  and  could  be  dis- 
continued immediately. 

In  evaluating  discontinuation  assessment  strategies.  Scott 
reviewed  the  extensive  McMaster  Evidence-Based  Wean- 
ing Review  and  echoed  the  conclusions  of  the  ACCP/ 
AARC/SCCM  Task  Force'-  when  he  concluded  that  no 
single  measurement  is  really  useful  when  a  clinician  is 
assessing  a  specific  patient  for  discontinuation  readiness. 
Instead,  the  evidence  would  indicate  that,  in  patients  with 
stable/recovering  respiratory  failure,  daily  30-120-niin 
SBTs  (with  or  without  low  levels  of  pressure  support), 
assessing  for  ventilatory  pattern,  adequacy  of  gas  exchange/ 
hemodynamics,  and  subjective  comfort  are  the  most  ef- 
fective way  to  assess  discontinuation  readiness.  If  a  patient 
passes  the  SBT,  the  clinician  should  proceed  to  extubation 
assessment  (see  below).  If  a  patient  fails  the  SBT,  the 
clinician  should  address  any  underlying  process  and  pro- 
vide a  stable  (my  emphasis)  level  of  comfortable  assisted 
ventilation  until  the  next  SBT.  Supporting  this  statement  is 
the  observation  that  in  the  2  large  weaning  trials  noted 
above,  only  in  the  Esteban  et  al  study '^  was  there  a  true 
daily  SBT  (the  Brochard  et  al  study''*  had  only  gradually 
increasing  spontaneous  breathing  periods).  In  comparing 
outcomes  from  both  studies,  no  gradual  reduction  strategy 
was  faster  at  getting  the  patient  off  the  ventilator  than  the 
daily  SBT  approach. 


Scott  reviewed  some  recent  data  suggesting  that  nonin- 
vasive systems  may  be  effective  in  supporting  patients 
who  fail  an  SBT  but  who  might  otherwise  be  capable  of 
some  periods  of  spontaneous  breathing  without  an  endo- 
tracheal tube.  I  personally  haven't  worked  up  enough  cour- 
age to  do  that  yet  and.  from  casual  conversations  around 
the  table  at  this  conference,  it  appears  most  of  the  other 
participants  have  not  either.  Nevertheless,  the  idea  is  in- 
triguing. 

Echoing  Bill  Hurford's  comments,  Scott  noted  that  over- 
sedation  can  be  a  substantial  impediment  to  ventilator  dis- 
continuation and  that  sedation  protocols  could  be  effective 
in  addressing  that.  Indeed,  in  concluding  his  first  presen- 
tation, Scott  noted  that  protocols  for  the  entire  discontin- 
uation process  could  be  effectively  run  by  nonphysicians. 
He  emphasized,  however,  that  education  and  staffing  are 
really  critical  for  protocols  to  work. 

Scott  then  turned  to  the  evaluation  for  extubation  po- 
tential of  the  patient  discontinued  from  mechanical  venti- 
lation. He  pointed  out  that  extubation  failures  are  usually 
for  different  reasons  than  discontinuation  failures  and  thus 
discontinuation  predictors  would  not  be  appropriate  for 
extubation  predictors.  Indeed,  the  key  factors  to  be  as- 
sessed for  extubation  readiness  are  cough  capability,  suc- 
tioning needs,  and  the  general  ability  to  protect  the  airway. 
A  cuff  leak  of  >  110  mL  was  also  suggested  as  a  useful 
way  to  predict  adequate  upper  airway  patency  after  extu- 
bation. Mental  status,  however,  does  not  appear  to  be  an 
important  predictor.  Scott  emphasized  that,  with  the  bor- 
derline patient,  trends  may  be  more  important  than  single 
observations  in  making  the  decision  to  extubate.  Under 
those  circumstances,  it  might  be  reasonable  to  delay  ex- 
tubation if  continuing  rapid  improvement  is  expected.  In 
contrast,  in  a  borderline  patient  exhibiting  a  very  stable 
course,  it  might  be  reasonable  to  risk  an  extubation  at- 
tempt. 

The  outcome  of  a  failed  extubation  depends  on  the  cause 
of  the  failure.  Early  failures  often  reflect  an  upper  airway 
problem  that  is  generally  amenable  to  therapy  and  thus  has 
a  good  outcome.  In  contrast,  late  failures  often  reflect  the 
persistence  of  substantial  respiratory  abnormalities  and  are 
thus  associated  with  a  worse  ultimate  outcome  (ie.  mor- 
tality, length  of  stay,  need  for  permanent  support). 

In  evaluating  extubation  practices,  a  simple  tool  is  the 
reintubation  rate.  An  aggressive  extubalittn  practice  re- 
duces the  risks  associated  w  ith  prolonged  in\  asive  support 
(eg,  pneumonia)  but  obviously  increases  the  risks  associ- 
ated with  premature  extubation.  A  less  aggressi\e  practice 
reverses  those  competing  risks.  Though  the  literature  re- 
ports reintubation  rates  of  5-25%,  a  decision  analysis  has 
failed  to  identify  a  "single  best"  rate  for  all  clinical  sce- 
narios. 
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The  Role  of  Tracheostomv 


Outcomes  of  Invasive  Mechanical  Ventilation 


Charlie  Durbin  then  followed  with  a  discussion  on  the 
role  of  tracheostomy.  He  cited  a  list  of  claimed  benefits 
(eg.  more  comfort,  lower  rate  of  ventilator-associated  pneu- 
monia, and  faster  weaning)  but  noted  that  there  are  few 
randomized  control  trials  supporting  those  claims. 

He  then  went  into  some  detail  reviewing  the  physics  of 
air  flow  through  tubes,  to  explore  how  resistive  work  might 
differ  between  a  tracheostomy  tube  and  an  endotracheal 
tube,  and  concluded  that  differences  might  be  small.  He 
did  point  out,  however,  that  the  tracheostomy  tube  may 
offer  lower  resistance  than  the  swollen  upper  airways  of  a 
recently  extubated  patient.  In  addition  to  reducing  inspira- 
tory flow  resistance,  tracheostomy  tubes  have  also  been 
shown  to  help  reduce  intrinsic  PEEP  and  W^.  which  help 
reduce  muscle  work  and  improve  comfort. 

Older  studies  suggested  a  higher  rate  of  ventilator-as- 
sociated pneumonia  in  tracheotomized  patients,  but  that 
may  have  reflected  glottic  injuries  caused  by  prolonged 
endotracheal  intubation  prior  to  tracheotomy.  More  recent 
data  suggest  that  the  easier  airway  care  and  the  return  of 
normal  glottic  function  associated  with  early  tracheotomy 
may  reduce  the  risk  of  ventilator-associated  pneumonia. 

Charlie  pointed  out  that  airway  "accidents"  occur  equally 
frequently  with  endotracheal  tubes  and  tracheostomy  tubes. 
However,  tracheostomy  airway  accidents  often  have  more 
serious  consequences. 

I'd  like  to  close  my  comments  on  Charlie's  presentation 
by  noting  the  recommendation  of  the  recent  ACCP/AARC/ 
SCCM  Evidence-Based  Weaning  Guidelines  Task  Force '- 
regarding  the  timing  of  tracheotomy  in  ICU  patients; 

Tracheotomy  should  be  considered  after  an  initial 
period  of  stabilization  on  the  ventilator  when  it  be- 
comes apparent  that  the  patient  will  require  pro- 
longed ventilator  assistance.  Tracheotomy  should 
then  be  perfonned  when  the  patient  appears  likely 
to  gain  one  or  more  of  the  benefits  ascribed  to  tlie 
procedure.  Patients  who  may  derive  particular  ben- 
efit from  early  tracheotomy  are  the  following: 

•  Those  requiring  high  levels  of  sedation  to  tolerate 
Iranslaryngeal  tubes 

•  Those  with  marginal  respirator)-  mechanics  (of- 
ten manifested  as  tachypnea)  in  whom  a  trache- 
ostomy tube  having  lower  resistance  might  re- 
duce the  risk  of  muscle  overload 

•  Those  who  may  derive  psychological  benefit  from 
the  ability  to  eat  orally,  communicate  by  articu- 
lated speech,  and  experience  enfianced  mobility: 
and 

•  Those  in  whom  enhanced  mobility  mav  a.\sisl  phys- 
ical therapy  efforts. 


Randy  Curtis  was  the  last  speaker.  He  reviewed  the 
important  topic  of  assessing  outcomes  from  mechanical 
ventilatory  support.  As  an  introduction,  he  reminded  us 
that  short-term  mortality  (28  or  30  d),  a  common  end  point 
in  clinical  trials,  may  be  quite  misleading  in  assessing  real 
outcomes.  For  example,  though  most  of  the  mortality  from 
trauma-induced  ARDS  occurs  in  the  first  few  weeks,  mor- 
tality from  sepsis-induced  ARDS  may  continue  for  months. 

He  also  pointed  out  that  there  are  many  other  important 
outcomes  besides  mortality.  These  include  physiologic 
changes,  functional  status,  quality  of  life  (QOL),  neuro- 
psychiatric  function,  costs,  and  satisfaction  with  care. 

Physiologic  function  continue  to  improve  up  to  6  months 
after  ARDS.  However,  most  patients  are  more  interested 
in  QOL  than  physiologic  measurements  and,  indeed,  the 
correlation  between  those  2  variables  is  weak. 

QOL  following  ARDS  is  often  worse  than  following 
other  diseases  that  require  ICU  care,  and  the  change  in 
QOL  is  usually  most  dramatic  in  those  patients  whose 
QOL  before  ARDS  is  best.  Randy  commented  that  that 
may  be  due  to  neuropsychiatric  deterioration  after  ARDS, 
which  may  be  related  to  hypoxia,  drugs,  or  the  residua  of 
other  organ  failures.  Indeed,  78%  of  post-ARDS  patients 
have  measurable  neuropsychiatric  impairment  at  1  year 
follow-up,  and  post-traumatic  stress  disorder  was  more 
common  than  in  a  control  group  of  combat  soldiers.  In 
those  patients  who  die,  satisfaction  with  care  is  associated 
with  fewer  therapies  during  the  dying  period. 

Costs  of  mechanical  ventilation  include  not  only  direct 
care  costs  but  also  the  costs  associated  with  lost  produc- 
tivity. In  doing  cost  effectiveness  analyses,  QOL  should  be 
factored  in  with  survival  as  quality-adjusted  life  years. 

Concluding  Remarks 

Throughout  this  Journal  Conference  we  have  learned 
that  there  is  still  much  room  for  improvement  and  much 
need  for  new,  innovative  approaches  to  the  management  of 
patients  requiring  invasive  mechanical  ventilatory  support. 
Randy's  comments  on  outcomes  reminded  me  of  a  previ- 
ous Journal  Conference,  where  we  reviewed  the  approaches 
to  evaluating  innovations.''^  In  that  conference  we  were 
cautioned  that  engineering  or  physiologic  end  points  were 
not  necessarily  linked  to  ultimate  outcomes  (recall  the  bet- 
ter Po,/Fio,  t'ut  higher  mortality  in  the  high-V^  group  of 
the  ARDS  Network  trial).  We  thus  must  always  demand 
good  outcome  studies  for  new  innovations,  especially  when 
substantial  expense  or  risk  is  involved. 

With  that,  I  will  close  my  summary.  The  Held  of  me- 
chanical ventilation  is  an  exciting  one,  with  much  potential 
for  good  as  well  as  harm.  Indeed,  we  must  once  again 
remind  ourselves  that  mechanical  ventilation  is  not  thera- 
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peutic.  but  only  supportive.  The  best  we  can  hope  for  is  to 
provide  adequate  support  while  minimizing  (or  ehminat- 
ing)  iatrogenic  harm.  We  have  learned  a  great  deal  about 
that  potential  harm  over  the  last  decade,  and  our  efforts 
should  be  focused  on  developing  strategies  and  devices  to 
address  it.  It  is  an  exciting  challenge.  It  has  been  my 
privilege  to  summarize  where  we  are  today  and  to  hope- 
fully offer  insight  as  to  where  we  need  to  go. 
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Chest  Medicine:  Essentials  of  Pulmonarj' 
and  Critical  Care  Medicine.  4th  edition. 
Ronald  B  George  MD,  Richard  W  Light 
MD.  Michael  A  Matthay  MD.  Rich;trd  A 
Matthay  MD.  Editors.  Philadelphia:  Lippin- 
cott  Williams  &  Wilkins.  2000.  Hard  cover, 
illustrated.  688  pages.  $89. 

As  the  title  implies,  this  is  a  single-vol- 
ume textbook  targeted  toward  pulmonary 
and  critical  care  trainees  and  practitioners, 
and  covers  the  clinically  relevant  fundamen- 
tals of  pulmonary  and  critical  care  medi- 
cine. Organized  in  a  manner  conducive  to 
board  review,  the  text  can  also  be  used  as  a 
first  reference  when  reviewing  a  clinically 
relevant  topic.  Reading  this  book  as  a  fel- 
low in  training  preparing  for  board  exams,  1 
solidified  my  understanding  of  material  I 
have  experienced  during  clinical  training  but 
had  not  had  time  to  examine  critically.  Sev- 
eral chapters  also  served  as  good  starting 
points  from  which  to  develop  lecture  mate- 
rial targeting  medical  students,  house  offic- 
ers, and  physicians'  assistants. 

The  first  3  chapters  constitute  Section  1, 
which  reviews  the  fundamentals  of  anatomy 
and  physiology  of  the  respiratory  system. 
These  chapters  review  classic  concepts  of 
cell  types  and  functions,  pulmonary  blood 
flow,  bioactive  substances  related  to  lung 
function,  pressure-volume  relationships,  ba- 
sic fluid  mechanics,  ventilation-perfusion  re- 
lationships, and  gas  exchange.  This  review 
is  especially  helpful  if  one  has  not  exam- 
ined these  concepts  since  medical  school  or 
participated  in  their  teaching  to  medical  stu- 
dents. The  text  is  concise  and  easy  to  read, 
with  one  exception:  The  authors  repeatedly 
use  the  expression  "owing  to"  in  a  manner 
that,  while  not  misleading,  is  unorthodox  at 
best. 

Section  II  includes  4  chapters  that  de- 
scribe the  clinical  data  available  to  physi- 
cians charged  with  evaluating  the  patient 
with  pulmonary  complaints.  The  chapters 
covering  the  history  and  physical  exam, 
along  with  chest  imaging,  are  requisite  but 
include  material  not  usual  ly  co\  ered  on  those 
topics,  which  keeps  the  reader  interested. 
Having  said  that,  however,  these  chapters 
could  be  skipf)ed  without  detracting  from 
the  utility  of  the  text.  Chapter  6,  which  cov- 
ers pulmonary  function  and  exercise  test- 


ing, is  useful,  particularly  if  one's  institu- 
tion lacks  a  strong  exercise  testing  program. 
1  suspect  that  without  several  months  of  ex- 
perience evaluating  piilmon;iry  function  and 
exercise  tests,  much  of  the  material  covered 
in  this  chapter  would  be  difficult  to  place  in 
context.  On  the  other  hand,  with  sufficient 
clinical  experience  as  background,  the  re- 
view of  essentials  covered  in  this  chapter 
will  undoubtedly  clarify  several  clinically 
relevant  technical  details  of  these  tests  and 
their  interpretation.  Chapter  7,  which  cov- 
ers invasive  diagnostic  procedures,  is  help- 
ful to  affirm  that  one's  current  practices  are 
in  line  with  those  of  the  authors  but  does 
not  add  substantially  to  one's  understanding 
beyond  the  basics  of  clinical  training  in  pul- 
monary medicine. 

Section  111  is  the  largest  and  covers  spe- 
cific clinical  entities.  With  few  exceptions 
these  12  chapters  are  well  written,  accurate, 
and  up  to  date.  It  is  here  that  the  text  con- 
cisely summarizes  the  clinical  approach  to 
specific  disorders,  which  either  challenges 
or  affirms  one's  own  practices.  The  argu- 
ments are  based  on  literature  citations  that 
are  current  and  compelling.  Less  compel- 
ling data  are  characterized  as  such. 

One  of  the  major  strengths  is  the  com- 
prehensiveness of  this  text  without  unnec- 
essary length.  For  instance,  the  first  3  chap- 
ters of  Section  111  deal  with  obstructive  lung 
diseases  and  cover  everything  from  epide- 
miology and  clinical  presentation  to  man- 
agement as  advanced  as  lung  volume  re- 
duction surgery  and  lung  transplantation. 
These  topics  are  reviewed  at  the  current  state 
of  the  art.  This  is  the  only  text  1  recall  that 
provides  an  overview  of  the  most  common 
pulmonary  disorders  and  the  variety  of  treat- 
ment options  in  1 00  pages.  The  text  in  Chap- 
ter 1 1  on  pulmonary  thromboembolism  has 
already  become  a  bit  dated  since  publica- 
tion. It  would  be  nice  lo  incorporate  ad- 
vances in  computed  tomography  angiogra- 
phy, the  D-dimer  assay,  and  current 
indications  of  pulmonary  angiography,  since 
these  issues  are  currently  being  challenged 
with  a  variety  of  opinions  and  data  to  sup- 
port divergent  viewpoints.  Similarly,  Chap- 
ter 12,  which  covers  interstitial  lung  dis- 
eases, is  outdated  since  the  characterization 
of  interstitial  pulmonary  fibrosis  as  synon- 
ymous with  usual  interstitial  pneumonia. 


Older  studies  now  become  very  difficult  to 
apply  to  interstitial  pulmonary  fibrosis  pa- 
tients since  they  probably  included  patients 
characterized  as  having  interstitial  pulmo- 
n;iry  fibrosis  who  had  alternate  diagnoses, 
particularly  diagnoses  that  may  have  re- 
sponded to  immunosuppression.  Having 
said  that,  this  chapter  is  very  helpful  in  char- 
acterizing the  diverse  group  of  entities  as- 
sociated with  interstitial  lung  disease.  In  or- 
ganizing the  material  based  on  clinical 
entities  rather  than  on  pathologic  descrip- 
tions, it  is  much  easier  to  integrate  into  one's 
clinical  approach  to  the  patient.  The  review 
of  occupational  and  environmental  lung  dis- 
eases is  excellent,  particularly  since  most 
early  trainees  see  few  of  these  rare  diseases 
without  specific  attempts  to  increase  their 
exposure.  It  is  also  refreshing  to  have  chap- 
ters dedicated  to  sleep  medicine  and  the  el- 
derly in  the  same  text  as  more  traditional 
topics.  Overall.  Section  111  is  an  excellent, 
clinically  oriented  review  of  pulmonary 
medicine,  which  is  organized  in  a  manner 
conducive  to  board  review  if  read  sequen- 
tially. It  is  also  an  excellent  resource  to  sur- 
vey material  on  a  specific  topic,  with  suffi- 
cient references  to  initiate  more  advanced 
studies. 

Section  IV  covers  topics  in  critical  care. 
This  is  another  example  of  the  niche  filled 
by  this  text  that  is  not  found  in  larger  texts 
directed  toward  the  same  readers.  In  short 
order  one  can  review  the  background  infor- 
mation pertinent  to  a  respiratory  disorder 
and  check  that  the  critical  care  management 
is  optimal  in  terms  of  mechanical  ventila- 
tion, nutrition,  postoperative  care,  and  in- 
tensive care  unit  prophylaxis.  One  issue  that 
needs  to  be  addressed  is  updating  the  chap- 
ters pertinent  to  the  ventilatory  management 
of  patients  witli  acute  lung  injury/acute  re- 
spiratory distress  syndrome,  to  emphasize 
the  use  of  lung-protective  ventilation  strat- 
egies. The  text  regarding  management  of 
shock  and  multi-organ  failure  is  a  useful 
review.  In  particular,  it  is  appropriate  to  re- 
view proper  interpretation  of  pulmonary  ar- 
tery catheter  data.  It  would  be  helpful,  as 
well,  to  discuss  the  indications  for  pulmo- 
nary artery  catheter  insertion  and  the  con- 
troversies on  that  topic. 

In  summary,  I  found  this  an  excellent 
book  that  reviews  the  clinicallv  relevant  as- 
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pects  of  pulmonar>'  and  critical  medicine  in 
a  concise  yet  comprehensive  manner.  The 
organization  mimics  the  clinical  approach 
to  patient  care  and  lends  itself  to  buttressing 
the  framework  within  which  we  work. 
Though  the  intended  audience  may  be  small, 
I  believe  that  this  text  is  a  u.seful  alternative 
to  practicing  physicians  reviewing  material 
for  reeertif'ication.  h  is  also  a  handy  resource 
for  more  junior  trainees  interested  in  pul- 
monary and  critical  care,  along  with  non- 
physician  medical  professionals.  My  only 
concern  for  this  latter  group  is  that  the  text, 
though  readable,  does  not  have  sufficient 
space  to  allow  a  reader  not  indoctrinated  to 
medical  concepts  such  as  complex  physiol- 
ogy to  fully  grasp  the  material.  With  the 
few  exceptions  noted  above,  the  references 
are  comprehensive  and  critically  analyzed 
in  the  text.  This  allows  the  reader  not  only 
to  understand  the  history  leading  to  our  cur- 
rent standards  of  care,  but  also  to  recognize 
the  limitations  of  our  knowledge  and  its 
applicability  to  a  specific  patient.  No  doubt 
a  subsequent  edition  is  planned  to  address 
the  advances  that  are  not  included  in  this 
edition. 

One  final  note,  the  binding  on  the  text 
broke  during  the  course  of  my  review.  My 
treatment  may  have  been  harsher  than  most, 
since  1  read  the  text  cover  to  cover  and  re- 
peatedly transported  the  text  in  my  brief- 
case, but  the  binding  did  break  down  before 
I  had  finished  the  text. 

David  A  Kregenow  MD 

Division  of  Pulmonary  and 

Critical  Care  Medicine 

Department  of  Medicine 

University  of  Washington 

Seattle,  Washington 

Respiratory  Medicine  in  tiie  Tropics.  JN 

Pande,  Editor.  New  Delhi:  Oxford  Univer- 
sity Press.  1998  (Special  Students'  Edition 
2000).  Hard  cover,  illustrated,  536  pages, 
$39.95. 

In  this  age  of  rapid  global  tra\el,  the  re- 
spiratory physician  needs  to  appreciate  the 
scope  of  respiratory  diseases  in  different  cli- 
mates and  economic  environments.  This 
book  serves  that  role  well  by  providing  in- 
teresting and  useful  information  in  an  easily 
readable  style. 

This  is  a  large  textbook,  written  by  over 
50  specialists  from  all  parts  of  India.  It  is 
not  just  a  book  of  tropical  respiratory  dis- 
eases. Rather,  the  contents  include  much  ba- 
sic knowledge  of  the  art  of  diagnosis  and 


management,  albeit  with  special  reference 
to  tropical  respiratory  diseases  in  India.  The 
book  aims  to  synthesize  the  basic  science, 
causes,  and  pathogenesis  of  respiratory  dis- 
ease, with  clinical  presentations,  diagnostic 
features,  and  management.  In  an  increas- 
ingly globalized  worid,  this  book  also  pro- 
vides much  insight  and  valuable  informa- 
tion on  the  current  practice  of  respiratory 
medicine  within  the  constraints  of  limited 
economic  resources  in  the  developing  parts 
of  the  world. 

The  book  attempts  to  be  inclusive,  and 
the  chapters  cover  a  wide  range  of  topics, 
beginning  with  the  "structural  aspects"  of 
the  lung,  moving  through  specific  tropical 
lung  diseases,  and  ending  with  a  chapter  on 
lung  transplantation.  It  attempts  to  serve  the 
dual  functions  of  providing  basic  informa- 
tion and  acting  as  a  reference  resource  of 
pulmonary  diseases.  The  style  is  didactic  and 
is  in  some  short  chapters  somewhat  dogmatic. 
The  references  consi.st  of  a  list  for  suggested 
reading  at  the  end  of  each  chapter. 

The  first  5  chapters  are  devoted  to  a  de- 
scription of  the  basic  structure,  function  and 
cellular  mechanisms,  and  genetics  in  pul- 
monary disease.  These  chapters  are  concise, 
logical,  and  very  readable,  although  the  ref- 
erences are  limited  and  in  some  chapters 
.somewhat  dated.  Nevertheless,  they  form  a 
good  review  of  the  basic  knowledge  of  re- 
spiratory medicine. 

The  2  chapters  on  symptoms  and  signs 
are  targeted  at  the  student.  In  the  chapter  on 
diagnostic  methods  there  is  a  comprehen- 
sive account  of  methods  of  sputum  collec- 
tion and  induction,  and  sputum  microscopy, 
and  an  equally  detailed  account  of  the  prac- 
tical aspects  of  thoracocentesis  and  bron- 
choscopy. There  is  a  whole  chapter  on  bron- 
choalveolar  lavage,  and  it  serves  as  a 
comprehensive  review  of  the  applications 
of  bronchoalveolar  lavage. 

Chapter  12,  entitled  "Diagnostic  Reason- 
ing and  Clinical  Decision  Analysis,"  is  un- 
usual and  provocative.  The  author,  JN  Pande. 
introduces  the  statistical  concepts  of  pre-test 
and  post-test  probability,  likelihood  ratio, 
odds  receiver  operator  characteristic  curve, 
and  test  and  treatment  threshold.  This  makes 
interesting  reading  for  the  statistically- 
minded  and  underscores  the  fact  that  medi- 
cine is  a  composite  of  the  arts  and  the  sciences. 

Three  chapters  are  dedicated  to  antimi- 
crobials for  respiratory  infections,  chemo- 
therapy for  malignancy,  and  bronchodilators. 
The  spectrum  of  medications  discussed  re- 
flects the  practice  in  India,  so  there  were 


omissions  of  newer  and  some  established 
drugs. 

The  section  on  tuberculosis  (TB)  includes 
chapters  on  epidemiology,  bacteriology, 
pathogenesis,  clinical  recognition,  diagnos- 
tic methods,  management  of  pulmonary  TB. 
and  general  management,  prevention,  and 
control.  The  epidemiology  of  pulmonary  TB 
in  India  is  dealt  with  in  some  considerable 
detail,  and  comparison  is  made  to  the  global 
situation.  The  various  diagnostic  methods 
are  described  in  2  chapters,  on  culture  and 
nonculture  methods.  Together  those  chap- 
ters provide  a  comprehensive  state-of-the- 
art  review  of  the  subject.  The  section  on  the 
management  of  pulmonary  TB  is  thorough, 
and  the  presentation  of  the  key  details  of 
dosage,  mechanism  of  action,  phannacoki- 
netics,  and  adverse  effects  are  in  the  form  of 
a  table  on  one  page,  which  makes  it  a  use- 
ful, quick,  and  focused  reference.  The  one 
obvious  omission  was  the  treatment  of  non- 
tuberculous  mycobacterial  diseases,  al- 
though the  microbial  and  diagnostic  char- 
acteristics are  well  described  in  a  preceding 
chapter  on  the  microbiology  of  mycobacte- 
ria. These  chapters  are  well  worth  a  read  for 
a  fuller  understanding  of  the  burden  of  TB 
in  the  developing  world. 

The  3  short  chapters  on  pulmonary  hy- 
datid disease,  paragonomiasis,  and  pulmo- 
nary eosinophilia  are  concise,  factual,  and 
useful  for  quick  reference  on  those  topics. 

The  chapters  on  intensive  care  medicine 
cover  respiratory  failure,  acute  lung  injury, 
and  intensive  respiratory  care.  They  provide 
a  brief  and  rather  general  overview  of  the 
essential  clinical  background  of  respiratory 
failure  and  the  more  common  modes  of  me- 
chanical ventilation.  They  are  intended  for 
the  generalist  and  not  for  experts  in  this 
field  or  those  in  need  of  authoritatix'e  refer- 
ence works. 

The  intended  readership  includes  a  broad 
range  of  medical  care  providers:  internists, 
residents,  students,  and  intensivists.  Al- 
though targeted  at  the  practitioner  in  India, 
it  provides  considerable  general  information 
on  respiratory  medicine  that  would  be  use- 
ful to  any  medical  student,  nurse,  or  respi- 
ratory therapist.  The  physician  interested  in 
tropical  pulmonary  diseases  and  practice  in 
a  developing  country  will  find  the  chapters 
on  TB  and  tropical  lung  diseases  most  in- 
formative. This  book  will  be  of  interest  to 
the  student,  the  internist,  or  the  specialist. 

The  book  is  generally  well  written  and 
well  organized,  although  occasional  collo- 
quial expressions  are  encountered.  The  fonts 
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tor  the  Miblitlcs  can  be  somewhat  confus- 
ing, as  unrelated  subtitles  are  inconsistently 
capitalized  or  itahcized.  Nevertheless,  the 
usual  shortcomings  of  edited  books,  such  as 
overlap  and  redundancy,  are  minimized  in 
this  text. 

There  are  a  few  limitations  to  this  book. 
One  of  the  main  criticisms  is  the  lack  of 
detailed  references;  instead  there  is  only  a 
short  list  for  further  reading.  The  other  is 
the  lack  of  specific  mention  of  the  appli- 
cations of  lung  function  testing  in  rela- 
tionship to  specific  diseases.  I  would  cite 
2  examples.  First,  as  pulmonary  TB  is  a 
highly  prevalent  disease  in  the  develop- 
ing world,  an  explanation  of  the  different 
patterns  of  lung  function  abnormalities  is 
important.  Second,  the  diagnosis  of  asthma 
based  on  clinical  history  is  extensively 
covered,  but  the  objective  criteria  of  lung 
function  tests  for  a  firm  diagnosis  was 
completely  omitted. 

Another  criticism  is  of  the  management 
recommendations,  which  are  in  5  steps, 
whereas  the  disease  severity  grades  are  in  3 
categories  in  the  preceding  chapter — a  po- 
tential source  of  confusion  for  the  reader. 
Furthermore,  the  treatment  recommenda- 
tions were  somewhat  dated.  They  are  de- 
rived from  an  older  version  of  the  British 
Thoracic  Society  guidelines.  The  recom- 
mendations need  some  updating  and  refer- 
ences to  better  known  global  guidelines  (eg, 
the  Global  Initiative  for  Asthma  [GINA] 
guidelines). 

In  summary,  this  book  is  well  written, 
clearly  illustrated,  and  aims  to  serve  a  broad 
range  of  respiratory  caregivers  and  students. 
It  attempts  to  present  the  state-of-the-art 
management  (while  emphasizing  the  need 
for  cost-effectiveness)  and  to  provide  ex- 
tensive information  on  the  practice  of  med- 
icine in  India.  In  a  single  volume  it  has 
succeeded  remarkably  well. 

Wan  Cheng  Tan  MD 

Department  of  Medicine 

National  University  Hospital 

National  University  of  Singapore 

Singapore 

Manual  of  Clinical  Problems  in  Pul- 
monary Medicine.  5th  edition.  Richard  A 
Bordow  MD.  Andrew  L  Ries  MD  MPH, 
and  Timothy  A  Morris  MD,  Editors.  Phil- 
adelphia: Lippincott  Williams  &  Wilkins. 
2001.  Soft  cover  (spiral-bound),  598  pages, 
$37.95. 


Manual  of  Clinical  Problems  in  Pul- 
monary Medicine  is  a  spiral-bound  clini- 
cal reference  of  pulmonary  topics,  now 
entering  its  5th  edition.  Although  not  ex- 
plicitly stated,  this  text  appears  to  be  de- 
signed for  respiratory  clinicians,  pulmonary- 
critical  care  medicine  fellows,  and 
established  pulmonary  physicians.  The  con- 
tents are  divided  into  1 1  sections,  covering 
109  topics  by  68  contributors.  The  editors 
and  authors  are  almost  exclusively  from  the 
University  of  California,  San  Diego.  The 
editors  note  the  deletion  of  some  chapters 
from  previous  editions,  as  well  as  the  addi- 
tion of  others,  but  report  that  the  format  is 
largely  unchanged  over  the  20  years  the  man- 
ual has  been  in  existence. 

Sections  I  and  II  address  diagnostic  tech- 
niques and  special  problems  in  pulmonary 
medicine.  Several  chapters,  such  as  the  ones 
on  pulmonary  function  testing  (by  JL 
Clau.sen),  "Lung  Biopsy  and  Thoracoscopy" 
(by  HG  Colt)  and  "Bronchoscopic  Proce- 
dures" (by  B  Walder  and  JH  Harrell),  are 
excellent,  well-referenced  summaries  by 
leading  clinician  investigators.  The  content 
of  these  sections  is  concise  and  detailed. 
The  descriptions  of  procedural  techniques 
are  brief  but  pragmatic.  These  are  very  use- 
ful for  trainees,  who  are  primarily  exposed 
to  textbooks  that  focus  on  pathophysiology 
and  provide  only  vague  directions  for  diag- 
nostic tests.  The  chapters  describing  lung 
biopsy  and  mediastinal  exploration  are  par- 
ticularly insightful  in  their  practical  appli- 
cation of  current  clinical  knowledge.  I  did 
have  substantial  reservations  about  a  few  of 
the  methods  described,  such  as  the  wedge 
procedure  for  pulmonary  artery  catheter  in- 
sertion, described  on  Page  54.  That  strategy 
is  not  standard  practice  and  may  risk  pul- 
monary artery  rupture. 

Section  III  is  devoted  to  pulmonary  in- 
fections. The  comprehensive  scope  of  the 
individual  chapters  is  impressive,  from 
bacterial  pneumonia  to  parasitic  lung  dis- 
eases. The  discussions  are  detailed,  accu- 
rate, and  include  current  citations.  The 
chapters  devoted  to  mycobacterial  diseases 
(by  A  Catanzaro),  aspergillus  infections  (by 
SW  Crawford),  and  parasitic  diseases  (by 
RT  Mahon  and  DE  Amundson)  are  partic- 
ulariy  well  done.  1  was  puzzled  to  find  the 
segment  on  hospital-acquired  pneumonia 
disconnected  from  other  chapters  on  bacte- 
rial pneumonia.  Community-acquired  pneu- 
monia, as  a  clinical  entity,  inexplicably  re- 
ceived limited  attention,  though  it  has  been 
acknowledged  as  an  important  source  of  na- 


tional mortality,  hospuah/ation,  and  ex- 
pense resulting  in  the  development  of  de- 
tailed clinical  management  strategies  by 
prominent  professional  societies.  A  review 
of  those  principles  would  be  useful. 

The  remainder  of  the  text  systematically 
examines  the  topics  of  airways  di.sease,  acute 
respiratory  failure,  cardiovascular  and 
thromboembolic  disease,  congenital  and  pe- 
diatric lung  disease,  chest  wall  and  neuro- 
muscular disorders,  environmental  and  oc- 
cupational diseases,  idiopathic  diseases,  and 
neoplastic  diseases.  These  chapters  follow 
the  established  model  of  brief  discussions 
of  pathophysiology  followed  by  terse  clin- 
ical grounding  in  management  principles. 

The  chapters  on  chronic  thromboembolic 
pulmonary  hypertension,  pulmonary  hyper- 
tension, and  the  lung  in  immunocompro- 
mised hosts  are  particularly  excellent.  Each 
is  written  by  an  acknowledged  expert  and 
presents  detailed  information  in  a  brief,  read- 
able style.  The  literature  citations  are  cur- 
rent and  annotated.  The  contributions  on  pul- 
monary vascular  disease,  in  particular, 
reflect  the  wisdom  of  an  academic  pulmo- 
nary division  with  vast  experience  and  a 
distinguished  list  of  published  contributions 
in  this  field. 

My  principal  concerns  about  this  text  in- 
volve its  presentation.  The  spiral  bound, 
black-and-white,  pocket-sized  text  format 
that  was  popular  20  years  ago  is  less  useful 
now.  In  chapters  whose  material  is  often 
best  shown  in  a  visual  format  (such  as  chest 
imaging,  thoracic  procedures,  airway  man- 
agement, and  mechanical  ventilation),  learn- 
ing would  be  enhanced  by  illustrations, 
graphical  depiction  of  clinical  data,  and  sum- 
mary tables  of  key  information.  Al.so,  though 
the  editors  and  contributors  expended  sub- 
stantial effort  in  creating  a  text  dense  in 
content  on  the  pathophysiology  of  a  broad 
range  of  pulmonary  medicine,  the  corre- 
sponding treatment  recommendations  often 
lack  specificity.  For  example,  if  a  clinician 
were  using  this  text  as  a  resource  in  man- 
aging a  tuberculosis  patient,  the  chapter  on 
treatment  of  tuberculosis  would  provide  an 
excellent  overview  of  chemotherapy  but  less 
guidance  on  specific  drug  regimens. 

Manual  of  Clinical  Problems  in  Pul- 
monary Medicine  is,  on  balance,  a  good 
resource  for  physicians  and  respiratory  ther- 
apists seeking  a  brief  but  comprehensive 
overview  of  pulmonary  medicine.  This  fifth 
edition  has  successfully  built  upon  a  format 
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established  over  2  decades.  The  sjxlh  edi- 
tion might  benefit  from  a  greater  focus  on 
more  innovative  methods  to  commimicate 
the  contributions  of  its  distinguished  authors. 

Peter  W  Bates  MD 

Department  of  Medicine 

Maine  Medical  Center 

Portland,  Maine 

A  Pocket  Guide  to  Re.spiratory  Disease. 

Robert  L  Wilkins  PhD  RRT  FAARC. 
Thomas  J  Butler  MS  RRT  RPFF.  and  James 
RDexterMD.  Philadelphia:  FA  Davis.  2001 . 
Soft  cover,  illustrated,  180  pages.  $16.95. 

Creating  a  quick  reference  to  the  myriad 
of  cardiopulmonary  diseases  is  quite  a  tall 
order.  A  Pocket  Guide  to  Respiratory  Dis- 
ease attempts  to  provide  a  quick  pocket  ref- 
erence to  commonly  found  diseases  in  re- 
spiratory care  settings.  It  is  a  companion  to 
the  textbook  Respiratoiy  Disease:  A  Case 
Study  Approach  to  Patient  Care,  2nd  edi- 
tion. There  are  several  neonatal  and  pediat- 
ric processes,  but  primarily  adult  diseases 
are  presented.  The  goal  of  the  text  is  to 
provide  the  respiratory  therapist  or  student 
quick  reference  to  assessment  and  treatment 
data. 

Preceding  the  first  chapter  are  a  table  of 
contents  and  a  list  of  abbreviations  used 
throughout  the  text.  The  first  chapter  covers 
bedside  patient  assessment.  Each  subsequent 
chapter  presents  a  different  disease  process. 
Chapters  are  uniformly  fonnatted  through- 
out the  book,  with  the  exception  of  the  first 
chapter,  which  has  a  different  subject  mat- 
ter. The  appendix  concludes  the  text  with  a 
reference  to  normal  lab  values  for  adult,  pe- 
diatric, and  neonatal  patients.  The  chapters 
are  laid  out  in  an  easy-to-read  outline  type 
format,  and  statements  in  the  text  are  con- 
cise and  brief  The  alphabetical  organiza- 
tion of  the  subject  matter  makes  it  easy  to 
find  infomiation  quickly  at  the  bedside. 

Chapter  1  presents  a  brief  outline  of  bed- 
side assessment  techniques.  The  chapter  be- 
gins, as  all  of  them  do,  w  ith  a  brief  descrip- 
tion of  the  subject  matter.  A  list  of  key  terms 
precedes  the  main  body  of  the  chapter.  Each 
type  of  assessment  is  listed  and  described, 
from  taking  an  adequate  history  to  physical 
assessments  and  laboratory  data.  Experi- 
enced practitioners  may  find  soine  of  the 
information  in  the  first  chapter  to  be  lim- 
ited. For  example,  the  description  of  pul- 
monary function  testing  could  use  expanded 
treatment  in  the  first  chapter,  giving  the 
reader  more  background.  Intensive  care  unit 


therapists  or  students  may  not  be  totally  fa- 
miliar with  pulmonary  function  tests.  A  ba- 
sic and  clear  method  of  interpretation  is  not 
offered.  A  complete  list  of  pulmonary  func- 
tion test  normal  values  is  found  in  the  ap- 
pendix. Otherwise  the  assessment  chapter  is 
quite  complete.  The  reader  is  provided  a 
reference  for  assessment  and  interpretation 
used  in  subsequent  chapters.  Of  particular 
note,  the  chest  radiograph  section  gives  the 
student  a  sound  method  for  viewing  radio- 
graphs. Tables  are  used  occasionally 
throughout  the  book  to  present  data  and  treat- 
ment algorithms.  Normal  vital  sign  values 
are  presented  in  table  fonn,  along  with  some 
interpretation  of  abnormal  findings.  The  re- 
mainder of  the  chapter  is  a  selection  of  fre- 
quently-asked questions  that  would  be  very 
useful  when  talking  with  patients  and  fam- 
ilies. 

There  are  25  disease  processes  covered 
in  this  book,  from  acute  respiratory  distress 
syndrome  to  tuberculosis.  The  diversity  of 
processes  presented  highlights  diseases  that 
are  commonly  found  in  various  respiratory 
care  settings.  Each  chapter  gives  a  brief  de- 
scription of  the  disease  process  to  provide  a 
basic  understanding  of  the  problems,  fol- 
lowed by  a  list  of  key  terms,  which  are 
useful  not  only  as  they  apply  to  the  chapter 
but  also  to  introduce  useful  concepts  as  well. 
For  example,  in  the  chapter  on  emphysema, 
lung  volume  reduction  surgery  is  mentioned 
briefly  in  the  treatment  section  of  the  chap- 
ter. Each  of  the  chapters  has  a  short  section 
on  epidemiology  and  etiology,  and  both  pro- 
vide useful  information  about  the  process's 
impact.  The  clinical  features  section  is  a 
large  portion  of  each  chapter.  This  section 
discusses  the  medical  history,  physical  ex- 
amination, and  laboratory  data.  Given  the 
large  scope  of  some  of  these  diseases,  data 
are  presented  only  for  abnormal  findings 
relevant  to  the  diseases  and  specific  to  re- 
spiratory care.  This  section  presents  various 
tests  and  laboratory  results  commonly  avail- 
able to  respiratory  therapists  in  the  hospital 
setting.  The  findings  presented  are  consis- 
tent with  their  disease  process  and  are  use- 
ful for  the  student  to  refine  his  or  her  as- 
sessment skills. 

Treatment  is  the  next  section  in  every 
chapter.  The  best  course  of  treatment  is  of- 
ten specific  to  the  individual  patient  and  the 
details  of  the  patient's  case,  so  the  treatment 
section  is  a  particularly  difficult  section.  The 
authors  attempted  to  provide  a  basic  treat- 
ment plan  for  each  disease  process.  This 
was  largely  successful,  but  sometimes 


seemed  too  brief  to  be  adequate.  For  exam- 
ple in  the  chapter  on  acute  respiratory  dis- 
tress syndrome  there  was  very  little  discus- 
sion of  ventilator  management.  Some  current 
trends  were  represented  but  not  enough  to 
formulate  an  up-to-date  plan  for  a  patient. 
This  speaks  to  the  disadvantage  of  provid- 
ing brief  presentations  of  complex  data. 

Several  chapters  used  treatment  algo- 
rithms to  clarify  complicated  treatment 
plans.  These  tables  were  very  useful  and 
showed  clear  pathways  to  sound  treatment 
recommendations.  Of  particular  note  was 
the  table  in  the  chapter  on  pneumonia,  which 
described  the  relationship  of  certain  infec- 
tions to  particular  antibiotics.  Respiratory 
care  students  would  find  the  table  useful,  as 
that  can  be  a  confusing  subject. 

Following  the  treatment  section  in  each 
chapter  is  a  section  on  frequently-asked 
questions.  These  sections  were  particularly 
useful.  They  gave  the  authors  a  chance  to 
explain  some  of  the  details  of  the  particular 
disease  process  in  a  simple  manner.  After 
reading  the  frequently-asked  questions  sec- 
tion, it  is  easy  to  anticipate  the  types  of 
questions  to  expect  from  family  and  patients. 
The  authors  also  used  this  opportunity  to 
provide  some  extra  information  useful  for 
the  clinician,  such  as  in  the  chapter  on  m- 
berculosis,  in  which  there  is  information 
about  skin  testing  and  transmission  that  is 
not  given  in  the  main  body  of  the  chapter. 

Overall  the  authors  have  produced  a  valu- 
able reference  for  the  bedside  clinician  as 
well  as  the  student  reviewing  his  or  her  first 
chart.  Students  at  the  bedside  may  get  the 
most  benefit  from  this  book  because  of  its 
brief  overview  format.  Some  of  the  data 
could  be  expanded  on,  but  the  information 
presented  is  accurate  and  relevant  to  the  sub- 
ject matter.  I  found  the  subjects  in  my  rep- 
ertoire not  too  enlightening,  but  the  book 
provided  a  crisp  reminder  on  topics  that  I 
have  not  visited  recently.  The  nature  of  the 
text  lends  itself  to  very  quick  u-eatment  of 
subjects  that  have  filled  volumes.  It  would 
be  impossible  within  this  book's  format  to 
comprehensively  explain  each  and  every  dis- 
ease process  and  abnormalities,  but  the  au- 
thors have  filled  the  bill  and  written  a  quick 
reference  to  many  common  disea.ses  respi- 
ratory care  clinicians  often  see. 

Fred  Goglia  RRT 

Respiratory  Care  Departinent 

Haiboniew  Medical  Center 

Seattle,  Washington 
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Pulmonary  Ditlerenlial  Diagnosis.  Harold 
Zackon  MD.  London:  WB  Saunders.  2000. 
Soft  cover,  883  pages,  $49. 

This  first  edition  of  Zackon's  Pulmonarj' 
Differential  Diagno.sis  is  a  concise  hand- 
book that  helps  with  a  common  problem 
experienced  by  pulmonologists:  how  to 
quickly  obtain  clinically  relevant  informa- 
tion regarding  respiratory  conditions  with- 
out paging  through  a  cumbersome  textbook. 

The  title  Pulmonary  Differential  Diag- 
nosis is  somewhat  misleading  in  that  the 
book  is  much  more  than  lists  of  various 
pulmonary  differential  diagnoses.  Tlie  top- 
ics are  organized  in  alphabetical  order,  start- 
ing with  the  "ABCs  of  Radiologic  Evalua- 
tion" and  ending  with  "Vocal  Cord 
Dysfunction."  If  one's  intended  topic  is  not 
located  in  the  table  of  contents,  a  complete 
subject  index  also  allows  for  efficient  use.  A 
total  of  77  chapters,  ranging  from  2-42 
pages,  addresses  common  and  uncommon 
diseases  involving  the  lungs.  Each  chapter  is 
organized  in  outline  format,  allowing  the 
reader  to  quickly  glean  pertinent  informa- 
tion. Figures  and  tables  are  relatively  rare, 
but  this  does  not  take  away  from  the  book's 
overall  usefulness.  There  is  no  standardized 
format  for  the  outlines  used  in  each  chapter, 
but  the  authors  appear  to  have  divided  the 
chapters  in  a  clinically  useful  and  logical 
manner.  Each  chapter  ends  with  a  short  list 
of  references,  and  these  include  both  text- 
book and  journal  citations. 

Zackon  presents  topics  in  "top-down"  and 
"bottom-up"  approaches.  "Top  down"  re- 
fers to  breaking  down  a  specific  disease  into 
its  various  components.  For  example,  with 
the  clinical  problem  of  alveolar  proteinosis 
the  outline  consisted  of  the  definition,  clin- 
ical findings,  radiographic  features,  differ- 
ential diagnosis,  and  a  diagnostic  approach. 
"Bottom-up"  refers  to  the  identification  of 
clinical  syndromes  that  have  common  char- 
acteristics. This  involves  taking  a  topic  such 
as  pulmonary  edema  and  outlining  the  eti- 
ologies by  physiologic  causes  (increased 
pulmonary  venous  pressure,  reduced  capil- 
lary osmotic  pressure,  increased  capillary 
permeability,  or  neurogenic),  radiographic 
features,  and  atypical  presentations  (unilat- 
eral edema  and  upper  lobe  flow  redistribu- 
tion). This  approach  to  topic  presentation 
allows  for  the  palatable  presentation  of  both 
general  and  specific  subject  matter. 

The  author  intended  Pulmonary  DifTer- 
ential  Diagnosis  to  be  a  portable  handbook 
for  pulmonologists  and  those  training  in  pul- 


monary medicine.  The  handbook's  dimen- 
sions are  standard  (4X6  inches),  but  its 
length  (SS.'S  pages)  does  not  allow  for  easy 
portability  in  one's  lab  coat,  and  attempts  to 
do  so  will  probably  result  in  unplanned  vis- 
its to  a  tailor  or  chiropractor.  The  hand- 
book's size,  however,  does  allow  for  the 
easy  placement  within  grasping  distance  on 
a  nearby  shelf  or  desk. 

Pulmonary  Differential  Diagnosis  is  a 
handy  reference  for  the  so  common  mem- 
ory-jogging needed  daily  by  practicing  pul- 
monologists. My  copy  is  already  showing 
signs  of  wear,  whereas  many  of  my  pulmo- 
nary textbooks  look  like  the  day  they  were 
purchased.  A  well  worn  book  speaks  vol- 
umes for  its  content. 

Timothy  A  Davidson  MD 

Walla  Walla  Pulmonary  and  Critical  Care 

St  Mary  Medical  Center 

Walla  Walla.  Washington 

Crofton  and  Douglas's  Respiratory  Dis- 
eases, 5th  edition,  2  volumes.  Anthony 
Seaton  MD.  Douglas  Seaton  MD.  A  Gor- 
don Leitch  BSc  MB  PhD,  Editors.  Oxford, 
United  Kingdom:  Blackwell  Science.  2000. 
Hard  cover,  illustrated,  1,541  pages  plus  in- 
dex, $299. 

Crofton  and  Douglas's  Respiratory 
Diseases  (5th  edition)  is  a  2-volunie  text- 
book intended  for  clinical  reference  by  phy- 
sicians throughout  the  world  who  are  caring 
for  patients  with  pulmonary  disorders.  Since 
the  first  edition  was  published  in  the  1960s, 
this  text  has  attempted  to  keep  its  sights  on 
public  health  while  expanding  along  with 
our  understanding  of  pulmonary  medicine. 
The  authors  are  18  men  from  England  and 
Scotland,  mostly  consultant  chest  physi- 
cians, but  also  a  few  academics  and  special- 
ists of  radiology  and  environmental  health. 
The  editors'  goals  for  this  text  are  stated  in 
the  preface: 

In  this  edition,  we  have  reflected  the 
increase  in  understanding  of  disease 
processes  that  has  accrued  from  basic 
research,  but  we  have  also  endeav- 
oured to  maintain  the  tradition  of  writ- 
ing for  the  practising  physician,  who 
sees  a  multitude  of  patients  with  dis- 
eases common  and  rare,  and  who 
needs  guidance  on  diagnosis  and  man- 
agement. 

The  first  thing  that  caught  my  attention 
about  this  tome  is  that  nothing  fell  out  from 


the  pages  as  1  carefully  opened  each  of  the 
2  volumes.  Nothing,  No  advertisements  for 
newfangled  ways  to  reach  annotated  bibli- 
ographies v\  ithout  ever  touching  paper.  And 
attached  to  the  inside  of  the  cover,  there 
was  nothing  at  all.  No  CD-ROM  of  the  text 
in  digital  format  or  interactive  versions  of 
the  illustrations.  In  our  electronic  era.  this 
old-fashioned  textbook  of  respiratory  med- 
icine asks  us  to  remember  why  books  can 
be  worth  the  risk  of  paper  cuts  and  back 
strain.  The  editors  are  aware  of  their  charge 
in  this  niodem  world,  noting  in  the  conclu- 
sion to  their  preface: 

It  is  not  uncommon  for  old  lessons  to 
be  forgotten  and  omitted  from  mod- 
em databases:  while  no  textbook  can 
hope  to  be  as  up-to-date  as  these  da- 
tabases, we  hope  we  will  help  readers 
to  avoid  missing  important  earlier 
work  while  still  keeping  abreast  of 
recent  advances.  We  see  this  as  a  book 
to  be  used  on  the  ward  and  in  the 
office,  where  clinical  problems  arise 
and  questions  are  asked  and  need  clear 
answers. 

The  book  is  bound  in  hard  back  and  at- 
tractively covered  in  denim-blue  with  a  can- 
vas texture.  The  title  and  editors  names  are 
engraved  in  gold  (probably  not  real  gold) 
on  the  front  cover  and  the  spine.  The  front 
covers  are  decorated  with  a  stylized  depic- 
tion of  the  branching  airways  of  the  lung  in 
lateral  view,  colored  baby  blue  on  Volume 
1  and  red  on  Volume  2.  The  binding  is  strong 
and  withstands  considerable  abuse.  The  pa- 
per is  smooth  and  not  too  shiny,  and  the 
print  is  clear  and  easy  to  read.  There  are  a 
good  number  of  graphics,  more  in  some 
chapters  than  others.  Graphics  include  ta- 
bles, figures,  diagrams;  and  photographs  of 
patients,  radiographs,  and  pathology  speci- 
mens. The  reproductions  are  good  for  the 
most  part.  There  are  only  5  color  photo- 
graphs, collected  together  on  one  color-plate 
page  in  the  middle  of  Volume  1 . 

The  2  volumes  are  separated  into  6 1  chap- 
ters. There  are  no  other  divisions  or  sec- 
tions, but  the  order  of  chapters  unfolds  in 
themes.  The  book  begins  with  the  basic 
building  blocks  of  respiratory  medicine.  The 
first  2  chapters  provide  an  introduction  to 
development,  structure,  and  physiology, 
each  from  a  cellular  to  organ  to  organism 
level.  This  is  followed  by  a  brief  tour  of 
epidemiology,  highlighting  general  study 
design  and  methods  specific  to  the  study  of 
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pulmonarj'  disease.  Next,  lung  imnuinology 
and  genetics  are  briefly  discus.sed.  The  in- 
troduction then  turns  more  toward  clinical 
pulmonary  medicine.  Covered  are  the  com- 
mon symptoms  and  signs  of  respiratory  dis- 
ease, diagnostic  imaging,  diagnostic  proce- 
dures performed  by  pulmonologists  and 
thoracic  surgeons,  and  a  veritable  phamia- 
copoeia  of  drugs  used  in  the  treatment  of 
lung  disease.  The  introduction  concludes 
with  a  quick  look  at  some  of  the  public 
health  issues  of  particular  interest:  air  pol- 
lution and  tobacco  exposure. 

The  largest  "theme""  is  that  of  pulmonary 
infections,  recalling  the  first  edition  of  this 
text,  which  was  self-described  as  largely  a 
primer  on  tuberculosis  (TB ).  After  one  chap- 
ter each  on  upper  respiratory  infections, 
pneumonia,  pleural  infections,  and  lung  ab- 
scesses, there  are  5  chapters  dedicated  to  TB 
and  other  mycobacterial  diseases,  and  then  a 
few  more  covering  fungi  and  parasites.  Vol- 
ume 1  then  concludes  with  a  whirlwind  ride 
through  chronic  obstructive  pulmonary  dis- 
ease, respiratory  failure,  pulmonary  edema, 
acute  respiratory  distress  syndrome,  and 
bronchiectasis.  Volume  2  is  a  collection  of 
the  usual  remaining  clinical  topics  in  pul- 
monary medicine,  with  an  emphasis  on 
asthma  and  other  common  and  uncommon 
diseases  encountered  in  outpatient  practice. 
There  are  a  few  unique  specialty  sections, 
such  as  Chapter  57.  "Diving  and  the  Lung," 
and  the  final  2  chapters,  which  touch  on 
end-of-life  care  and  medico-legal  issues. 

In  general,  this  textbook  is  ea.sy  to  skim 
and  to  read.  The  material  is  well  referenced, 
with  no  fewer  than  90  (and  as  many  as  900! ) 
references  per  chapter,  with  a  good  bakince 
of  "classic"'  literature  and  recent  citations. 
The  language  is  clear  and  concise,  and  the 
chapters  on  disease  entities  flow  effortlessly 
from  brief  overview  to  epidemiology  to  clin- 
ical, laboratory,  radiographic,  and  pathol- 
ogy features,  and  finally  to  diagnosis  and 
management.  When  applicable,  some  dis- 
cussion of  pathophysiology  and  research 
(basic  or  clinical)  is  included  as  well.  How- 
ever, there  is  a  fair  amount  of  variability 
between  chapters. 

The  chapter  entitled  "Empyema"  uses  a 
nice  balance  of  radiographs  and  diagrams 
that  break  up  the  text  nearly  eveiy  other 
page.  The  author  integrates  the  clinical  ev- 
idence behind  recommendations  and  offers 
none  when  the  literature  can  offer  no  guid- 
ance, such  as  in  the  case  of  parapneumonic 
effusions.  The  di.scussion  is  clear  and  in- 
cludes an  offer  of  an  algorithmic  approach 


that  is  not  dogmatic.  All  is  supported  by 
ample  references  that  include  the  most  im- 
portant and  most  up-to-date.  In  contrast,  the 
chapter  entitled  "Asthma:  Management."' 
though  competent,  is  more  difficult  to  get 
through.  There  are  no  graphics  and  little  is 
said  about  the  newest  class  of  agents  used 
in  management  of  chronic  asthma:  the  leu- 
kotriene  antagonists.  There  ;ire  300  refer- 
ences, but  well  under  5%  cite  reports  pub- 
lished in  the  last  5  years. 

A  number  of  the  chapters  show  substan- 
tial bias  in  approach.  This  may  be  in  part 
because  some  of  the  material  is  dated,  which 
is  no  doubt  a  reflection  of  the  lag  time  in- 
volved in  the  publication  of  textbooks.  This 
is  seen  in  the  chapter  on  acute  respiratory 
distress  syndrome,  in  which  ventilator-in- 
duced lung  injury  is  not  mentioned,  although 
there  is  a  sizeable  literature,  which  has  in- 
creased since  the  mid-1990s  but  dales  back 
to  the  late  1970s,  that  suggests  the  impor- 
tance of  ventilator-induced  lung  injuiy.  The 
third  edition  of  Fishman  's  Pulmonary  Dis- 
eases and  Disorders,  published  in  1998,  in- 
cludes a  full  discussion  of  that  topic  and 
recommends  lowering  tidal  volume  to  4-8 
mL/kg  of  patient  body  weight  to  minimize 
ventilator-induced  lung  injury.  Crofton  and 
Douglas's  Respiratory  Diseases  offers  no 
such  recommendation  and  actually  says  that 
■'larger  tidal  volume  may  be  required  to 
counteract  the  increasing  physiologic  dead 
space.""  Recent  studies  have  proven  that  ap- 
proach to  be  dangerous. 

Other  factors  contributing  to  bias  include 
the  influence  of  regionalism:  all  of  the  con- 
tributing authors  are  from  the  same  island. 
An  example  of  this  regionalism  is  in  the 
discussion  of  primary  pulmonarv'  hyperten- 
sion, a  disease  for  which  continuous  treat- 
ment with  intravenous  prostacyclin  is 
strongly  supported  by  randomized  con- 
trolled trials  and  is  accepted  as  the  stand;ird 
of  care  in  the  United  States.  This  therapy  is 
briefly  mentioned,  described  as  dangerous 
and  expensive,  and  not  included  in  the  treat- 
ment algorithm,  whereas  an  alternative  (un- 
proven )  therapy  is  described  as  "the  favoured 
treatment."'  Another  bias  is  also  seen:  the 
overrepresentation  of  one  small  subject  area 
of  research.  Again,  the  chapter  on  acute  re- 
spiratory distress  syndrome  is  a  good  ex- 
ample. Nearly  8  pages  of  this  1 8  page  sec- 
tion are  devoted  to  discussion  of  die  role  of 
the  neutrophil  and  all  its  products  in  the 
development  of  acute  lung  injury. 

Though  some  of  the  chapters  meet  the 
stated  goal  of  being  concise  guides  to  the 


diagnosis  and  management  of  respiratory 
diseases  on  the  wards  and  in  the  clinics,  I 
would  argue  that  in  the  computer  age  that 
is  best  done  by  the  modem  databases  de- 
scribed in  the  preface.  It  is  both  more  effi- 
cient and  more  useful  to  log  on  to  www. 
uptodate.com  (or  load  the  corresponding 
CD-ROM)  and  search  "parapneumonic  ef- 
fusions" with  "management"  than  it  is  to 
have  to  double  check  that  the  information  in 
the  printed  pages  reflects  the  current  stan- 
dard of  care. 

The  strength  of  this  text  is  the  integration 
of  the  "old  lessons"'  w  ith  the  fairly  new.  The 
sections  on  TB  are  some  of  the  best  I've 
ever  read,  telling  the  story  of  the  presence 
of  the  disease  in  the  ancient  Egyptian  times, 
the  discovery  of  the  bacillus  by  Koch  in  the 
19th  century,  and  the  development  of  epi- 
demiologic understanding  of  TB.  The  sto- 
ries about  the  BCG  (bacillus  of  Calmette 
and  Guerin)  vaccine  and  the  development 
of  skin  testing  are  both  informative  and  fas- 
cinating. The  tale  concludes  with  the  recent 
increase  in  cases  worldwide,  affecting  de- 
veloped nations  for  the  first  time  in  decades, 
as  the  effect  of  human  immunodeficiency 
virus  and  multiple  drug  resistances  offer  new 
challenges  to  the  field.  The  introductory 
chapters  are  quite  good  as  well.  Again,  the 
strength  is  the  insight,  the  depth  of  knowl- 
edge, and  the  clarity  of  voice  that  allows  the 
authors  to  interweave  past  discoveries  into 
the  context  of  the  present  day. 

In  conclusion.  I  would  recommend  this 
book  to  physicians  as  well  as  pulmon;uy 
clinic  nurses  and  respiratory  therapists  who 
would  like  an  overview  of  the  basics  of  pul- 
monary medicine  or  to  read  about  diseases 
in  some  detail  and  with  a  rich  historical 
context.  I  would  even  risk  the  paper  cuts 
and  back  strain  (although  the  volumes  re- 
ally aren"t  all  that  heavy),  for  many  of  the 
topics  are  artfully  written  and  the  reference 
lists  are  a  great  resource.  But  as  a  textbook 
that  hopes  to  "keep  readers  abreast  of  recent 
advances,"  I  would  recommend  the  respi- 
ratory textbooks  by  either  Fishman  or  Mur- 
ray and  Nadel.  both  of  which  oft'er  a  broader 
experience  of  authorship  and  a  more  current 
discussion  than  Douglas  and  Crofton.  Books 
are  good  to  have  around  when  the  power 
goes  out.  but  to  meet  the  goal  of  "writing 
for  the  practicing  physician,  who  sees  a  mul- 
titude of  patients  with  diseases  common  and 
rare,  and  who  needs  guidance  on  diagnosis 
and  management ...  on  the  ward  and  in  the 
office,  where  clinical  problems  arise  and 
questions  are  asked  and  need  clear  answers,"" 


524 


Respir.ator'i'  Care  •  April  2002  Vol  47  No  4 


Books,  Films,  Tapes,  &  Software 


I  would  welcome  all  to  the  new  age  of  med- 
icine. Get  a  computer.  Go  on-line.  Text- 
books are  no  longer  best  suited  to  meet  that 
demand. 

C  Terri  Lee  MD 

Division  of  Pulmonarv'  and 

Critical  Care  Medicine 

Department  of  Medicine 

University  of  Washington 

Seattle,  Washington 

Clinical  Manifestations  and  Assessment 
of  Respiratory  Disease.  4th  edition.  Terr> 
Des  Jardins  MEd  RRT  and  George  G  Bur- 
ton MD  FAARC.  St  Louis:  Mosby.  2002. 
Soft  cover,  illustrated.  346  pages.  $55. 

Case  Studies  to  .Accompany  Clinical  Man- 
ifestations and  .Assessment  of  Respiratory 
Disease,  4th  edition.  Terry  Des  Jardins  MEd 
RRT  and  George  G  Burton  MD  FAARC. 
St  Louis:  Mosby.  2002.  Soft  cover,  illus- 
trated. 346  pages,  $26.95. 

Respiratory  disease  and  its  assessment 
and  treatment  have  become  a  hallmark  of 
respiratory  care  practice  in  this  new  mil- 
lennium. The  education  and  training  of 
new  respirator)'  therapists  (RTs)  require 
the  development  of  in-depth  understand- 
ing, critical  thinking,  and  assessment 
skills,  as  well  as  knowledge  of  cardiopul- 
monary diseases  and  disorders,  and  Clin- 
ical Manifestations  and  Assessment  of 
Respiratory  Disease  and  its  accompany- 
ing case  studies  book  address  that  impor- 
tant goal. 

The  preface  states  that  the  purpose  of 
this  text  is  "to  provide  the  student  with  the 
basic  knowledge  and  understanding  essen- 
tial to  assess  and  treat  patients  with  respi- 
ralOTy  disea.ses."  The  book  uses  detailed  il- 
lustrations of  respiratory  diseases  states, 
describes  pathophysiology,  gives  general 
ideas  of  clinical  manifestations,  and  lists 
treatment  modalities. 

The  "How  to  Use  This  Book"  section  is 
very  helpful  in  describing  how  the  text  is 
organized  and  what  to  expect  from  each 
chapter  Tlie  book  is  divided  into  13  Parts 
and  46  Chapters. 

The  introduction  to  the  text  provides  a 
good  overview  of  the  purpose  and  objec- 
tives of  the  text,  essentially  restating  the 
same  elements  as  the  preface.  The  impor- 
tance and  use  of  protocols  is  also  introduced, 
with  a  position  statement  from  the  Ameri- 
can College  of  Chest  Physicians  in  support 
of  RTs.  The  authors  begin  by  making  a 


strong  case  for  the  goal-  or  patient-oriented 
RT  having  a  strong  clinical  and  basic  sci- 
ence background  in  assessment.  As  part  of 
the  introduction  there  is  an  excellent  table 
on  "General  Classification  of  Respiratory 
Diseases,"  though,  unfortunately,  no  tie-in 
is  made  to  the  text. 

Part  1,  "Assessment  of  Respiratory  Dis- 
ease," presents  the  foundation  and  back- 
ground information  for  the  remainder  of  the 
text.  Topics  covered,  from  both  clinical  and 
physiological  perspectives,  include  patient 
assessment  skills,  collecting  and  assessment 
of  clinical  laboratory  data,  pulmonary  func- 
tion data,  arterial  blood  gases  samples,  oxy- 
genation, cardiovascular  system,  chest  ra- 
diograph examination,  and  documentation. 

Chapter  1  thoroughly  addresses  tradi- 
tional patient  interview  skills,  including  how 
to  use  empathy  and  a  comparison  of  posi- 
tive and  negative  nonverbal  messages,  which 
is  very  useful  and  relevant.  Only  one  seg- 
ment in  this  chapter  was  specific  to  respi- 
ratory care:  entitled  "Reflection."  A  greater 
focus  on  a  more  complete  respiratory  his- 
tory would  aid  the  respiratory  care  student 
in  focusing  on  and  uncovering  respiratory 
pathology. 

Chapter  2,  "The  Physical  Exam  and  Its 
Basis  in  Physiology,"  is  well  done,  with  ref- 
erences made  to  physiologic  and  clinical 
lung  pathologies  as  well  as  clinical  situa- 
tions. Even  though  some  of  the  diseases  men- 
tioned have  not  been  thoroughly  discussed, 
the  reader  can  appreciate  the  underlying 
causes  and  the  relevance  to  the  discussion. 
The  authors  also  give  a  good  anatomy  and 
physiology  overview  as  it  relates  to  general 
respiratory  disorders  and  disease  processes. 
A  more  extensive  treatment  of  the  respira- 
tory physiology  would  be  helpful  in  the  later 
chapters  on  specific  diseases. 

One  problem  with  the  description  of  chest 
percussion  in  this  chapter  is  that  it  differs 
from  that  of  the  diagrams  in  the  text.  The 
explanation  describes  placing  the  fingers  and 
hands  on  the  chest  wall  and  quickly  striking 
the  second  hand's  distal  joint  that  is  on  the 
chest  wall.  But  Figures  2-8  through  2-10 
only  show  the  small  finger  on  the  surface  of 
the  chest  wall  and  the  striking  finger  is  strik- 
ing the  middle  finger,  which  is  not  in  con- 
tact with  the  chest  wall.  The  result  is  the 
appearance  that  the  percussion  is  being  done 
without  direct  contact  with  the  chest  wall. 

In  this  chapter  rhonchi  are  described  as: 
"a  coarse,  'bubbly'  quality  and  are  typically 
heard  during  expiration.  They  are  formed  in 
the  larger  airway  and  often  change  in  nature 


or  disappear  after  a  strong,  vigorous  cough." 
That  description  ditters  from  recommended 
American  Thoracic  Society  terminology, 
which  describes  rhonchi  as  a  low-pitched 
continuous  wheeze.  Also,  the  use  of  pooriy- 
defnied  terms  such  as  "bubbly,"  which  can 
have  different  meanings  to  different  people, 
should  be  discouraged.  Adventitious  lung 
sounds  should  be  described  by  acoustical 
wavefonii  analysis,  to  minimize  subjective 
and  inaccurate  descriptions. 

In  Chapter  2.  on  Page  30,  die  authors 
begin  using  a  circular  symbol  that  is  not 
explained  or  referenced;  I  was  unable  to 
decipher  its  meaning.  This  chapter  has  ex- 
cellent pictures  of  digital  clubbing,  pitting 
edema,  and  distended  neck  veins. 

Chapters  3-5  do  an  excellent  job  of  de- 
tailing and  explaining  pulmonary  function 
studies,  arterial  blood  gas  assessment,  and 
oxygenation  assessment,  at  a  student  level. 

Chapter  6,  "Cardiovascular  System  As- 
sessments." provides  a  good  general  over- 
view: however,  I  would  make  the  following 
observation:  with  more  and  more  RTs  per- 
forming 12-Iead  electrocardiograms  and  car- 
diac assessments,  it  would  be  useful  to  in- 
clude a  discussion  on  axis  deviation  and  a 
more  in-depth  coverage  of  hemodynainic 
monitoring  in  the  clinical  setting. 

A  good  general  overview  of  laboratory 
data  are  provided  in  Chapter  7.  with  useful 
charts  and  outlines  that  are  easy  to  read  and 
follow.  Missing  from  this  chapter  or  Chap- 
ter 4  on  blood  gas  assessment,  is  a  discus- 
sion of  the  anion  gap  and  buffer  base  sys- 
tem (base  excess)  and  it's  relevance  to 
respiratory  care  and  acid-base  physiology. 

Chapter  8.  on  radiologic  examination  of 
the  chest,  provides  a  broad  overview  of  the 
chest  radiograph  and  assessment.  The  chest 
radiographs  and  magnetic  resonance  images 
are  of  excellent  quality  and  detail.  A  dia- 
gram or  illustration  of  how  cross-sectional 
or  transverse  images  are  made  would  assist 
a  first-time  reader  to  understand  these  tho- 
racic imaging  techniques. 

Chapter  9,  "Therapist-Driven  Protocols 
and  the  Respiratory  Practitioner,"  is  an  out- 
standing treatment  of  the  importance  of  pro- 
tocols, their  development,  essentials,  and 
implementation.  The  sections  on  severity  as- 
.sessment  and  algorithms,  charts,  and  tables 
is  also  worthy  of  mention  in  that  it  could  aid 
the  inexperienced  practitioner  in  organizing 
and  applying  his  or  her  developing  assess- 
ment and  critical  thinking  skills.  The  au- 
thors' use  of  tables  to  diagrammatically  il- 
lustrate various  anatomic  alterations  of  the 
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lung,  pathophysiologic  mechanisms,  and 
clinical  manifestations  were  very  helpful  and 
easy  to  understand.  As  a  learning  and  teach- 
ing tool  this  section  is  valuable  for  educa- 
tors, students,  and  practitioners  alike.  My 
only  suggestion  would  be  to  place  many  of 
these  tables  with  specific  respiratory  disease 
chapters  in  the  text,  for  better  continuity. 

In  Chapter  9  the  authors  present  the  "Top 
Four  Treatment  Protocol  Categories'"  (oxy- 
gen theraps'.  bronchial  hygiene  therapy,  hy- 
perinflation therapy,  and  aerosolized  medi- 
cation therapy)  plus  a  fifth  category, 
mechanical  ventilation.  The  method  of  pro- 
tocols presented  differs  considerably  from 
the  manner  in  which  protocols  are  devel- 
oped and  discussed  within  the  chapter.  The 
authors  present  therapeutic  objectives  and 
brief  treatment  modalities  as  protocols.  The 
treatment  sections  entitled  "General  Man- 
agement" are  also  very  brief  and  do  not 
adequately  present  or  cover  the  complexity 
and  treatment  options  available.  The  authors 
present  "Respiratory  Care  Treatment  Proto- 
cols" as  a  u-eatment  management  heading. 
In  the  text,  the  reader  is  referred  to  this  chap- 
ter on  therapist-driven  protocols  (TDPs). 
What  the  reader  finds  is  not  what  one  would 
consider  a  typical  protocol  but.  rather,  ther- 
apeutic objectives  and  a  list  of  possible  treat- 
ment modalities  (or  in  the  case  of  the  oxy- 
gen therapy  "protocol."  a  list  of  equipment). 

The  last  chapter  in  Part  I  is  on  documen- 
tation; it  gives  a  general  overview  of  data 
management  and  some  of  the  methods  to 
collect  and  manage  the  patient  record.  Most 
of  the  chapter  is  devoted  to  the  assessment 
method  called  SOAP  (subjective,  objective, 
assessment,  plan),  with  several  relevant  case 
examples. 

The  remaining  chapters  (Chapters  1 1- 
46)  address  specific  respiratory  diseases. 
Each  of  these  chapters  has  a  similar  basic 
organization;  anatomic  alterations  of  the 
lung,  etiology  of  the  disease,  overview  of 
the  cardiopulmonary  clinical  manifestations, 
general  management,  a  case  study,  and  self- 
assessment  questions. 

I  was  impressed  with  the  selection  of  dis- 
eases and  pathologies  presented,  as  many 
similar  texts  tend  to  focus  on  major  diseases 
and  conditions  and  omit  topics  such  as  pleu- 
ral and  fungal  diseases  or  human  immu- 
nodeficiency virus,  which  are  included  in 
this  text. 

Overall  1  found  the  presentation  of  each 
respiratory  condition  or  anatomic  alterations 
(as  the  authors  presented  them)  to  be  a  good 
general  overview  of  the  topic.  I  felt  that 


much  of  the  anatomy  and  physiology  would 
be  better  served  within  each  chapter,  as  op- 
posed to  only  in  Chapter  2.  to  give  a  better 
understanding  of  the  topic.  RTs  are  expected 
to  know  more  about  respiratory  diseases  than 
the  basic  overview  provided  in  this  text.  Stu- 
dents of  respiratory  care  should  have  an  in- 
depth  resource  that  covers  not  only  the  span 
of  respiratory  diseases  but  also  a  compre- 
hensive understanding  of  the  "hows  and 
whys"  of  respiratory  physiology. 

As  an  example,  the  chapter  on  asthma 
(Chapter  14)  is  broadly  covered,  in  light  of 
the  available  research.  There  are  many  head- 
ings on  current  issues  under  which  the  topic 
is  not  thoroughly  developed  and  the  treat- 
ment is  superficial.  An  example  is  the  sec- 
tion on  exercise  and  cold  air.  This  heading 
is  given  3  sentences  to  discuss  and  explain 
exercise,  cold  air,  and  asthma.  Additionally, 
in  the  treatment  section  there  is  a  reference 
to  the  National  Institutes  of  Health  Step- 
wise Approach  for  the  Management  of 
Asthma  in  Adults  and  Children  that  is  not 
fully  explained  in  the  text  or  the  table.  For 
example,  there  are  4  steps  and  there  are  mild, 
moderate,  and  severe  levels  associated  with 
each  step  in  the  program  that  are  not  ex- 
plained or  described  in  the  text. 

The  section  on  patient  compliance  was  a 
welcome  addition  to  the  subject  of  asthma; 
though  brief,  the  authors  address  a  major 
component  in  the  treatment  of  asthma,  that 
of  patient  compliance. 

The  case  studies  were  beneficial  in  ap- 
plying the  text's  evaluation  data  so  that  clin- 
ical and  critical  assessment  skills  can  be  fos- 
tered and  practiced. 

Near  the  end  of  Chapter  1 2.  on  emphy- 
sema, 9  pages  of  beautifully  done  color 
plates  were  included.  The  color  plates  refer 
to  illustrations  that,  in  my  opinion,  should 
have  been  placed  with  the  specific  chapters 
and  diseases,  and  not  all  in  one  place,  within 
another  chapter.  If  cost  concerns  required 
rhey  be  placed  together,  the  authors  or  pub- 
lisher should  consider  placing  them  in  an 
appendix  or  giving  them  their  own  section 
to  decrease  the  awkwardness  of  the  current 
placement. 

The  case  studies  and  assessment  tools  at 
the  end  of  each  chapter  are  exceptional  in 
their  scope  and  potential  for  further  study 
and  discussion.  However,  in  most  parts  of 
the  country,  respiratory  assessments  have 
moved  away  from  the  traditional  SOAP  for- 
mat. Newer  methods  of  assessing  the  pul- 
monary patient  are  widely  used  and  avail- 
able and  reflect  the  use  and  integration  of 


TDPs.  The  case  study  format  presents  a  brief 
case  scenario  and  a  SOAP  assessment,  fol- 
lowed by  more  patient  information  and  then 
a  subsequent  SOAP  as.sessment  and  a  dis- 
cussion of  the  entire  case.  Some  case  stud- 
ies have  more  than  2  SOAPS  and  patient 
information,  depending  on  the  case  and  its 
involvement. 

The  chapters  on  meconium  aspiration, 
bronchopulmonary  dysplasia,  and  diaphrag- 
matic hernia  have  only  a  heading  of  "Gen- 
eral Management"  and  do  not  give  specific 
treatment  protocols,  making  these  chapters 
of  minimal  value  to  the  reader  with  regards 
to  treatment. 

Most  all  of  the  diagrams,  pictures,  tables, 
charts,  color  plates,  and  figures  are  of  ex- 
cellent quality  and  reproduction.  A  student 
who  might  not  completely  understand  the 
written  explanations  would  tind  the  artwork, 
tables,  and  figures  a  welcome  addition  to 
understanding  lung  pathology.  The  authors 
are  to  be  commended  for  their  use  of  illus- 
trations, especially  the  color  plates  of  respi- 
ratory lung  pathologies. 

Some  figures  and  diagrams  (eg.  Figures 
2-25  and  4-3)  are  quite  extensive  and  de- 
tailed and  would  benefit  from  a  systematic 
walk-through  with  symbols  (letters  or  num- 
bers) to  guide  a  first-time  reader. 

I  found  myself  placing  bookmarks  in 
Chapter  9  for  the  protocols  and  lung  alter- 
ation sections,  and  in  Chapter  12  for  the 
color  plates.  I  also  had  to  go  back  to  previ- 
ous sections  and  chapters  because  each  chap- 
ter covered  material  referencing  back  to  pre- 
vious chapters. 

All  the  chapters  on  diseases  include  a 
section  called  "Overv  iew  of  the  Cardiopul- 
monary Clinical  Manifestations."  which 
gives  a  concise,  easy  to  understand  and  fol- 
low outline  of  the  information. 

I  believe  the  authors  could  better  meet 
their  stated  goals  by  covering  the  respira- 
tory diseases  in  more  depth  and  providing 
treatment  protocols  consistent  with  cur- 
rent practice. 

I  would  recommend  this  text  as  a  refer- 
ence for  experienced  RTs,  as  a  refresher  or 
as  a  text  for  the  health  care  professional 
who  requires  only  a  broad  overview  of  re- 
spiratory disease.  I  do  not  think  this  text 
would  be  adequate  for  meeting  the  growing 
knowledge  and  information  demands  on 
present  and  future  RTs  working  in  respira- 
tory disease  management. 

In  the  preface  of  the  Case  Studies  to 
Accompany  Clinical  Manifestations  and 
Assessment  of  Respiratory  Disease  the  au- 
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thors  state  the  intent  of  this  case  study  book 
is  to  (1 )  help  respiratoi^'  students  ie;im  when 
and  how  to  assess  patients.  (2)  challenge 
practitioners  to  build  and  perfect  the  assess- 
ment skills  they  use  every  day  in  clinical 
practice,  and  (3)  guide  managers  through 
the  successful  implementation  of  a  TDP  pro- 
gram. It  is  the  design  of  the  authors  that  the 
reader  use  the  case  stud},  text  along  w  ith  the 
parent  book.  Clinical  Manifestations  and 
Assessment  of  Respiratory  Disease. 

The  "How  to  Use  This  Book"  section 
states  that  the  purpose  of  the  te.xt  is  to  (1 ) 
help  students  or  practitioners  expand  their 
knowledge  base,  and  assessment  skills  in- 
dependently, and  (2)  provide  instructors  or 
managers  with  a  tool  for  teaching,  evaluat- 
ing, and  documenting  the  competence  of 
their  students  or  staff  members  on  assess- 
ment and  treatment  selections.  This  section 
provides  useful  information  on  how  to  com- 
plete one  method  of  assessment,  the  SOAP 
(subjective,  objective,  assessment,  plans). 
There  is  also  practical  information  as  to  the 
text's  use  in  an  academic  and  clinical  set- 
ting. 

"Key  Point  Questions"  are  author-spec- 
ified questions  on  chronic  bronchitis, 
asthma,  pneumonia,  pulmonary  edema, 
acute  respiratory  distress  syndrome,  and 
postoperative  atelectasis.  These  questions, 
designed  to  build  critical  thinking  and  as- 
sessment skills,  are  presented  in  the  follow- 
ing progression:  basic  concepts,  database 
formation,  assessment  questions,  and  appli- 
cation. These  questions  are  outstanding,  and 
one  is  left  to  wonder  why  all  the  respiratory 
disorders  are  not  given  the  same  treatment. 


The  Key  Point  Questions  iire  a  substantial 
asset  to  both  educator  and  student  in  giving 
specific  domains  (basic  concepts,  database 
formation,  assessment  questions,  and  appli- 
cation) where  many  students  and  practitio- 
ners require  precise  direction  in  accomplish- 
ing a  professional  respiratory  assessment. 

Chapter  1  is  a  repeat  \ersion  of  Chapter 
9  from  Clinical  Manifestations  and  As- 
sessment of  Respiratory  Disease.  It  is  prob- 
ably appropriate  that  this  chapter  be  re- 
peated, since  the  case  study  book  might  be 
read  separately  if  the  parent  book  were  not 
at  hand.  As  a  review.  Chapter  1,  "The  Ther- 
apist-Driven Protocol  Program  and  the  Role 
of  the  Respiratory  Practitioner,"  contains  a 
very  good  overview  of  the  development  and 
implementation  of  a  TDP.  The  authors  make 
ample  use  of  diagrams,  flow  charts,  tables, 
and  algorithms  to  illustrate  and  explain 
TDPs. 

An  expansion  of  the  5  treatment  protocol 
categories  described  in  the  parent  text  would 
have  been  useful  in  providing  additional  pro- 
tocol specifics.  When  one  thinks  of  respi- 
ratory care  protocols,  what  comes  to  mind 
is  an  algorithm  or  set  of  guidelines  as  to 
specific  modalities  and  interventions,  with 
amounts,  frequencies,  and  ventilator  param- 
eters specified.  In  this  book,  however,  text 
objectives  and  treatment  modalities  are 
given  without  any  specific  guidelines  as  to 
frequency,  amounts,  ventilator  parameters, 
or  other  common  aspects  of  protocols. 

The  variety  of  case  studies  is  broad 
enough  that  regional  differences  could  ac- 
count for  small  differences  in  practice  that 
appear  in  a  few  cases  in  the  text.  Overall  the 


case  study  format  is  excellent,  each  with  a 
short  presenting  or  admitting  history,  fol- 
lowed by  a  physical  exam,  along  with  a 
time  stamp  to  follow  the  case  in  "real  time" 
with  a  SOAP  assessment  response  to  be  com- 
pleted by  the  reader.  The  case  continues, 
either  the  next  day  or  later  in  the  day  as 
indicated  in  the  time  stamp.  The  reader  is 
provided  with  more  information,  so  as  to 
complete  another  SOAP  assessment.  With 
the  few  cases  mentioned  above,  a  list  of 
Key  Point  Questions  are  presented  for  dis- 
cussion, review,  and  reflection. 

A  diagnosis  related  group  (DRG)  and 
number  are  given  with  each  Key  Point  Ques- 
tion, but  the  meaning  or  association  of  the 
number  is  unclear,  as  it  does  not  appear  to 
refer  to  a  page  number  or  the  accompany- 
ing book.  Perhaps  the  number  refers  to  an 
American  Association  for  Respiratory  Care 
clinical  practice  guideline  or  some  other  des- 
ignation? 

This  book  accomplishes  its  stated  intent 
and  purpose — of  learning  and  expanding 
critical  thinking  and  assessment  skills  of  stu- 
dents and  practitioners,  as  well  as  providing 
a  sound,  clinically  based  method  of  imple- 
menting TDPs.  This  case  studies  book  would 
be  an  asset  to  any  respiratory  care  education 
program,  case  studies  course,  or  respiratory 
care  department  interested  in  improving  its 
staffs  critical  thinking  and  assessment  skills 
and  in  developing  TDPs. 

David  Lopez  EdD  RRT 

Department  of  Cardiopulmonary  Sciences 
Loma  Linda  University 
Loma  Linda,  California 
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A&B  (2  Tapes)  Allergic  Disorders:  The  Child  with  Rhinitis  and 

Asthma.  B.  Martin 

What's  New  in  CPR  ALS?  T.A.  Barnes 

Recentralized  Respiratory  Services:  Ten  Things  We  Learned 

from  Our  Customers.  G.F.  Ellis 

A  Respiratory  Therapist  Could  Have  Saved  President  George 

Washington,  D.J.  Pierson 


Terms:  All  Orders  Payable  in  Advance  by  . 
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Cash V/MC AE Check  (Payable  to  Convention  Education) 

.  Purchase  Order  (Include  hard  copy  of  PO.  Minimum  purchase  of  $25  is  required. 

Exp.  Date 


Street 
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Fax 
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Zip 


Signature 


To  ORDER  Send  this  form  by  MAIL,  FAX  or  PHONE  to: 

CONVENTION  EDUCATION  12685  Prescott  Ave,  -  Tustin,  CA  92782;  Phone  (714)  505-4600:  Fax  (714)  505-4606 


Show  Special 
Tapes 

Complete  2001  set 
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Each  cassette  can  record  up  to  90  minutes  of  program- 
ming. Most  programs  are  less  than  90  minutes. 
Unexpected  overtime  tapes  are  available  at  $5  ea. 
Defective  merchandise  will  be  replaced  at  no  charge 
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dise. Normal  processing  is  within  5  working  days. 
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available  by  providing  your  Fed  EX  or  CC  a/c  number 
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e\ents  and  product  problems 
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THF     H)  \     MhDIt    M     i'RimUl     Is     K  I  I' O  K  T  1  S  ( .     I'HOt.RAM 


A.  Patient  information 


1     Patient  identifier 


n  confidence 


'    Age  at  time 
of  event: 
or  


Date 

of  birth: 


3  Sex 

I     I  female 
LJ  male 


Page 


Weight 


-lbs 


B.  Adverse  event  or  product  problem 


1    { j   Adverse  event 


Product  problem  (e  g  ,  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event  , — , 

icrieck  all  that  apply)  1 I  disability 

rn  (jeath    n  congenital  anomaly 

□  im(»itei(.vii  Q  required  intervention  to  prevent 

life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  lJ  other 


3  Date  of 
event 


4  Date  of 
this  report 


5    Describe  event  or  problem 


5    Relevant  tests/laboratory  data,  including  dates 


'    Other  relevant  history,  including  preexisting  medical  conditions  (e  g  .  allergies 

race,  pregnancy,  smoking  and  alcohol  use,  hepalic/renal  dysfunction,  etc  ) 


of 


Triage  unit 
sequence  " 


C.  Suspect  medication(s) 

1     Name  igive  labeled  strength  &  mir/labeler,  if  knovun) 
»1 

»2 

2    Dose,  frequency  &  route  used 

«1 

3    Therapy  dates  (if  unknown,  give  duration) 

Ifomlo  lor  t)esl  eslimalel 
#1 

«2 

#2 

4    Diagnosis  for  use  (indication) 
«1 

5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D no  U%f^' 

#2nyesnho  n^g^py"' 

#2 

6    Lot  #  (if  known) 

7    Exp.  date  (if  known) 
#1 

8    Event  reappeared  after 

«2 

#2 

reintroduction 

"iDyesDno    Dgg^Py"' 

#2  Dyes  n  no  n^gppy"' 

9    NDC  n  (for  product  problems  only) 

10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

D.  Suspect  medical  device                                          ,-' 

1    Brand  name 

2    Type  of  device 

3    fUlanufacturer  name  &  address 

4    Operator  of  device 

1     1  health  professional 
1    1  lay  user/patient 
□  other: 

5    Expiration  date 

6 
model  # 

ir^O  day y: 

cataloQ  # 

7.    If  implanted,  give  date 

serial  # 

lot  # 

8     If  explanted.  give  date 

other # 

9    Device  available  for  evaluat 

□    yes              □  no 

on?                 (Do  not  send  to  FDA) 
f  J  returned  to  manufacturer  on 

(mo/day/yr) 

10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

E.   Reporter  (see  confidentiality  section  on  back) 


fUIallto:     MEdWaTCH  or  fax  to: 

5600  Fishers  Lane  1-800-FDA-0178 

Rockville,  MD  20852-9787 

DA  Form  3500  1/96)  Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


1      Name  &  address 

phone  # 

2    Health  professional? 

□   yes       □    no 

3      Occupation 

4    Also  reported  to 

1     1      manulacturer 
1     1      user  facility 
1     1      distnbutor 

5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      Q 

ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  ottier  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  deathi 

•  life-ttnreatening  (real  risk  of  dying) 

•  fiospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  \he 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 

•  1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

for  a  VAERSform 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  m  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patients  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  lor  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  ihe  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
tor  reducing  this  burden  to: 


OHHS  Reports  Clearance  Otfrce 
Paperworl<  Reduction  Project  (0910-0291) 
Hubert  H   Humphrey  Suiiding,  Room  531-H 
200  Independence  Avenue.  S  W 
Wasliington,  DC   20201 


An  agency  may  not  conduct  or  sponsor. 
and  a  person  is  not  required  to  respond  to. 
a  collection  ot  information  unless  it  displays 
a  currently  valid  OUB  control  number 


Please  do  NOT 

return  this  form 
to  either  of  these 
addresses. 


U  S   DEPARThflENT  OF  HEALTH  AND  HUP^AN  SERVICES 
Public  Heailti  Service  •  Food  and  Drug  Administration 
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Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  iVIail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APQ/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946     ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 
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American  Association  for  Respiratory  Care 

MEMBERSHIP  APRUCATION 


ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U  S  or  its  territories  or  wos  on  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria  ( 1 ) 
IS  legally  credentioled  as  o  respiratory  core  professional  if  employed  in  a  stote  that 
mandates  such,  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respiratory 
care,  OR  (3)  holds  o  credential  issued  by  the  NBRC 

ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements 
of  Active  Member  shall  be  Associate  Members  They  have  all  the  rights  and  benefits  of  the 
Association  except  to  hold  office,  vote,  or  serve  as  choir  of  a  standing  committee  The 
following  subclasses  of  Associate  Membership  ore  available:  Foreign,  Physician,  and 
Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly  devoted  to  the 
monufocture,  sale,  or  distribution  of  respiratory  care  equipment  or  supplies)  Special 
Members  ore  those  not  working  in  a  respirotory  core-related  field 

STUDENT  MEMBER 

Individuals  will  be  classified  as  StudenI  Members  if  tfiey  meet  all  Ifie  requirements  for 
Associate  Membersfiip  and  are  enrolled  in  on  educotional  program  in  respiratory  care 
accredited  by,  or  in  the  process  of  seeking  accreditation  from,  on  AARC-recognized  agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care 
Education  (CRCE)  transcripts  Upon  completion  of  your  respirotory  core  education, 
continuing  education  credits  may  be  pursued  upon  your  reclassification  to  Active  or 
Associate  Member 


Please  read  the  eligibility  requirements  for  each  of  the  classifications 
above,  then  complete  the  form.  All  information  requested  must  be 
provided,  except  where  indicated  as  optional.  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  date  application  on  reverse 
side  and  type  or  print  clearly.  Processing  of  application  takes 
approximately  15  days. 

D   Active 
Associate 

D  Foreign 

n   Physician 

D   Industrial 
n   Special 
D  Student 


Last  Name  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 


State 


.Zip 


Phone  No. 


Work  Information: 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT  THE 
CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 

Place  of  Employment 


Address 

City 

State 

Zip 

Phone  No.  ( 

1 

Preferred  Fax 

No.(_ 
il  Add 

1 

Preferred  Emc 

ress 

Would  you  like  to  receive  our  monthly  newsletter,  AARC  Report, 
by  email? 

D  Yes  D  No 

Have  you  ever  been  or  are  you  currently  in  the  military? 
U  Yes  U  No 

Demographic  Questions  (optional) 

We  request  that  you  ansvirer  these  questions  in  order  to  help  us  design 
services  and  programs  to  meet  your  needs. 

Primary  Job  Responsibility  (check  one  only) 

D  Director  (Technical  or  Program)  D   Therapist/Technician 

D  Supervisor  H   Medical  Director 

D  Diagnostic  Technologist  ['_]   Student 

D  Instructor/Educator  D   Staff  Nurse 

n  Other,  specify 


Type  of  Business 

n   Educational  Institution 
D  DME/HME 
n   Home  Health  Agency 
D   Hospital/Acute  Core 
n   Other,  specify 


n  Manufacturer  or  supplier 

n  Outpatient  Clinic 

i"Li  Physician  office 

D  Skilled  Nursing  Facility 


Check  the  Highest  Degree  Earned 

U   High  School  D  Bachelor's  Degree 

D   RC  Graduate  Technician  (  !   Master's  Degree 

D   Associate  Degree  D   Doctorate  Degree 

Number  of  Years  in  Respiratory  Care 

J   0-2  years  U    11-15  Years 

n   3-5  years  D    16  years  or  more 

n  6-10  years 


Job  Status 

D   Full  Time 

Credentials 

RRT 
D  CRT 
n   Physician 
D   CRNA 
D  RN 

Dote  of  Birth   


D   Part  Time 


D  LVN/LPN 

D  CPFT 

D  RPFT 

n  Perinatal/Pediatric 


Sex 


FOR  STUDENT  MEMBER  -  REQUIRED 

School/RC  Program 

Address 

City 


State 


.Zip 


Phone  No. 


Preferred  mailing  address: 


n   Home 


LJ  Business 


Expected  Date  of  Graduation  (required  information) 

Month Year 


American  Association  for  Respiratory  Core  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


American  Association  for  Respiratory  Care  MEMBERSHIP  APPLtCJkTKON 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are 
for  12  months.  These  fees  contain  the  $12.50  new  members 
processing  fee.  Renewing  members  (except  students)  can  deduct 
$12.50. 

CHOOSE  ONE  LEVEL  OF  MEMBERSHIP 

AARC  REGULAR  MEMBERSHIP  (Receive  both  AARC  Times  and 

Respiratory  Care  journal) 

D  Active  $102.50 

n  Associate  (Industrial  or  Physician)  $102.50 

n  Associate  (Foreign)  $117.50 

n  Special  $102.50 

D  Student  $  50.00 

OR 

AARC  CHOICE  MEMBERSHIP(Choose  one  publication) 

D  Active  $  91.00 

n   Associate  (Industrial  or  Physician)  $  91.00 

D   Associate  (Foreign)  $106.00 

D  Special  $  91.00 

I  want  □   AARC  Times   D   Respiratory  Care  journal 

OR 

AARC  PLUS  MEMBERSHIP  (All  publications  and  other  items) 

D  Active  $137.50 

n  Associate  (Industrial  or  Physician)  $137.50 

D   Associate  (Foreign]  $177.50 

D  Special  $137.50 

(Includes  one  free  section  -  please  mark  choice  below.) 

Specialty  Sections  (optional) 

Established  to  recognize  the  specialty  areas  of  respiratory  core, 
these  sections  publish  a  newsletter  four  times  a  year  that  focuses  on 
issues  of  specific  concern  to  that  specialty.  The  sections  also  design 
the  specialty  programming  at  the  national  AARC  meetings. 

D  Adult  Acute  Core  Section 

n  Education  Section 

D  Perinotal-Pediotric  Section 

D  Diognostics  Section 

n  Continuing  Care- 
Rehabilitation  Section 

D  Management  Section 

D  Transport  Section 

D  Home  Core  Section 

n  Subacute  Care  Section 


$15.00 1 

$20.00 

$15.00 

$15.00 

$15.00 

$20.00 

$15.00 

$15.00 

$15.00 

PLEASE  SIGN 

I  hereby  apply  for  membership  in  ttie  American  Association  for  Respiratory  Care 
and  hove  enclosed  my  dues  If  opproved  for  membership  in  the  AARC,  I  will 
abide  by  its  bylaws  and  professional  code  of  ethics  I  authorize  investigation  of 
all  statements  contained  herein  and  understand  that  misrepresentations  or 
omissions  of  facts  called  tor  is  couse  for  rejection  or  expulsion 

A  yearly  subscription  to  Respiratory  Care  journol  and  AARC  Times  magozine 
includes  an  allocation  of  $  1 1 .50  from  my  dues  for  each  of  these  publications 

NOTE  Contributions  or  gifts  to  the  AARC  ore  not  tax  deductible  as  charitable 
contributions  for  income  lax  purposes  However,  they  may  be  tax  deductible  as 
ordinary  and  necessary  business  expenses  subject  to  restrictions  imposed  as  a 
result  of  association  lobbying  activities.  The  AARC  estimates  that  the 
nondeductible  portion  of  your  dues  —  the  portion  which  is  allocable  to  lobbying 
—  IS  26°i 


Signature 
Date 


-*►  TOTAL  MEMBERSHIP  FEE  $_ 


TOTAL  SECTION  FEE         $_ 


GRAND  TOTAL  =  Membership  Fee 

plus  optional  sections 


n  Total  Amount  Enclosed  $ 


n   Please  charge  my  dues  (see  below) 

To  charge  your  dues,  complete  the  following; 

n   MasterCard 

D  Visa 

Card  Number 


Mail  application  and  appropriate  fees  to: 
American  Association  for  Respiratory  Care  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


RE/PIRATORy  QVRE 


Manuscript  Preparation  Guide 


Respiratory  Care  welcomes  original  mmuscripts  related  to  the  sci- 
ence and  technology  of  respiratoir  care  and  prepared  according  to  the 
following  instructions  and  the  Unifonn  Requirements  for  Manuscripts 
Submitted  to  BiomediailJounuils  {a\'ai\a.b\e  at  lntp://www. icmje.org/ 
index. html).  Manuscripts  are  blinded  and  reviewed  by  profession- 
als with  experience  in  the  subject  of  the  paper.  Authors  are  respon- 
sible for  obtaining  written  pemiission  from  the  original  copyright  hold- 
er to  use  previously  published  figures  and  tables.  Before  publication, 
authors  receive  page  proofs  and  are  allowed  to  make  only  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  for  clarity,  concision, 
and  consistency  with  Respir.^TORY  Care's  format.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published  else- 
where without  pemiission.  Editorial  consultation  is  available  at  any 
stage  of  planning  or  writing:  contact  the  Editorial  Office,  600  Ninth 
Avenue,  Suite  702.  Seattle  WA  98104,  (206)  223-0558,  fax  (206) 
223-0563,  E-mail:  rcjoumal@aarc.org 

Categories  of  Articles 

Research  Article:  A  report  of  an  original  investigation  (a  study).  Must 
include:  Title  Page,  Abstract,  Key  Words,  Introduction,  Methods, 
Results,  Discussion,  Conclusions,  and  References.  May  also  include: 
Tables.  Figures  (if  so,  must  include  Figure  Legends),  Acknowledg- 
ments, and  Appendixes. 

Re\iew:  A  comprehensive,  critical  review  of  the  literature  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page,  Outline, 
Abstract,  Key  Words,  Introduction,  Review  of  the  Literature,  Sum- 
mary, and  References.  May  also  include:  Tables,  Figures  (if  so,  must 
include  Figure  Legends),  Acknowledgments,  and  Appendixes. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  stmcture  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  reviewed  in  RESPIRATORY  Care  or  elsewhere.  Same  struc- 
ture as  a  Review  Article. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  writing  or  submitting  such  a 
paper. 

Editorial:  A  paper  addressing  an  issue  in  the  practice  or  administration 
of  respiratory  care.  It  may  present  an  opposing  opinion,  clarify  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  itein  pub- 
lished in  Respiratory  Care  or  about  other  pertinent  topics. 
Tables,  Figures,  and  References  may  be  included.  The  letter  should 
be  marked  "For  Publication." 


Ca.se  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
improved  metliod  of  management  or  treaunent.  A  case-managing  physi- 
cian must  either  be  an  author  or  furnish  a  letter  approving  the  manuscript. 
Must  include:  Title  Page,  Abstract,  Key  Words,  Introduction,  Case 
Summary,  Discussion,  and  References.  May  also  include:  Tables,  Fig- 
ures (if  so,  must  include  Figure  Legends),  and  Acknowledgments. 

Point-of-View:  A  paper  expressing  personal  but  substantiated  opinions 
on  a  pertinent  topic.  Must  include:  Title  Page,  Text,  ;ind  References.  May 
also  include:  Tables  and  Figures  (if  .so,  must  include  Figure  Legends). 

Drug  Capsule:  A  miniature  review  paper  about  a  dnig  or  class  of  drugs. 
Drug  Capsules  address  phamiacology,  phamiacokinetics,  and/or  phar- 
macotherapy. 

Graphics  Comer:  A  brief,  instructive  case  report  discussing  and  illus- 
trating waveforms  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

PFT  Comer:  A  brief,  instructive  case  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

Test  Your  Radiologic  Skill:  A  brief,  instructive  case  report  pertinent 
to  respiratory  care  and  involving  imaging,  including  one  or  more  radio- 
graphs or  other  images  submitted  as  black  and  white  glossy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions,  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  number  the  pages.  Do  not  include  author 
names,  author  institutional  affiliations,  or  allusions  to  institutional  affil- 
iations anywhere  except  on  the  title  page.  On  tlie  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page,  AbsU-act,  Text,  Acknowledgments,  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction,  Methods,  Patients.  Equipment, 
Statistical  Analysis,  Results,  Discussion).  Center  the  main  .section  head- 
ings and  place  second-level  headings  on  the  left  margin. 

Ahstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  appciir  in  the  body  text.  Limit  the  abstract 
to  no  more  than  250  words. 

Key  Words.  Include  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  Articles,  Reviews,  Overviews,  Special  Articles,  and  Case 
Reports.  Key  words  are  best  selected  from  the  Medical  Subject  Head- 
ings (MeSH)  used  by  MEDLINE  and  available  at  lmp://w\m:nlm.nih. 
gov/mesh/mesliliomc.litml. 
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References.  Assign  reference  niinibers  in  the  order  that  iirticies  are 
cited  in  your  manuscript.  At  the  end  ol  the  manuscript,  list  the  cited 
worlds  in  numerical  order.  Abbreviate  journal  names  as  in  Index  Medi- 
cus.  List  all  authors.  If  the  research  has  not  yet  been  accepted  for  pub- 
lication.  cite  the  research  as  a  personal  communication  (eg. 
Smith  KR,  personal  communication,  2001 );  lumevei:  you  miisl obtain 
written  permission  from  the  author  to  cite  his  or  lier  unpublished  data. 
Do  not  number  such  references:  instead,  make  parenthetical  reference 
in  the  body  text  of  your  manuscript.  Example:  '■Recently,  Jones  et  al 
found  this  treatment  effective  in  43  of  83  patients  (Jones  HI,  personal 
communication,  2000)."" 


Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA 
drug  evaluations,  3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group;  1977. 

Chapter  in  book  with  editor(s): 

Isono  S.  Upper  airway  muscle  function  during  sleep.  In:  Lough- 
lin  GM,  Carroll  JL,  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  and 
Disease,  Vol  147,  Claude  Lenfant,  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker;  2000:261-291. 


The  following  examples  show  Re.spiratory  Care's  style 
for  references. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Article  in  a  journal  carrying  pagination  throughout  the  volume: 
Legere  BM,  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2000;45(8):967-968. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARC  Times  1999;23(Oct):16,  17,  19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999;44(I):85-90. 

Article  in  journal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  information  sufficient  to  allow  retrieval.) 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.    Am 
J  Respir  Crit  Care  Med  2000;  161(3  Pt  2):SI76-SI81. 

Abstract  in  journal;  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited.) 

Volsko  TA,  De  Fiore  J,  Chatburn  RL.  Acapella  vs  flutter:  per- 
formance comparison  (abstract).  Respir  Care  2000;45(8):991. 

Editorial  in  a  journal: 

Giordano  SP.  What's  that  sound?  (editorial)  Respir  Care 
2000;45(10):1 167-1 168. 

Editorial  with  no  author  given: 

The  perils  of  paediatric  research  (editorial).  Lancet 
I999;353(9I54):685. 

Letter  in  journal: 

Piper  SD.  Testing  conditions  for  nebulizers  (letter).  Respir  Care 

2000;45(8):971. 


World  Wide  Web 

Amencan  Lung  Association.  Trends  in  pneumonia,  influenza,  and 
acute  respiratory  conditions  mortality  and  morbidity.  February,  2(X)0. 
http://www.lungusa.org/data.  Accessed  November  20,  2000. 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
of  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *,  t,  I,  §,  ||,  1,  **,  tt.  If 
data  include  a  "±'"  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  I,  Figure  2,  etc.  .'Ml  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section),  in  the  same  computer  file  as  the  manuscript  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications; clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identify  all  drugs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  after  generic 
names. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

Cairo  JM,  Pilbeam  SP.  Mosby's  respiratory  care  equipment.  6th 

ed.  St  Louis:  Mosby;  1999:76-8.'i. 


Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name  and  location.  Example:  "We  performed  spirometry  (1085  Sys- 
tem. Medical  Graphics,  Minneapolis,  Minnesota)."  Provide  model 
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numbers  if  available,  and  iiKinufaeturer's  suggested  price  it'ihc  siiid\ 
has  cost  implications. 

Permissions:  You  must  obtain  w  ritten  permission  to  use  pictures 
of  identifiable  indi\  iduals  or  to  name  individuals  in  the  Acknovs  1- 
edgmenls  section,  ^'ou  must  obtain  written  permission  trom  the 
original  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lications. Copies  of  all  applicable  permissions  must  be  on  file  at 
Respir.MORY  Care  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader;  the  facts  them- 
selves are  not  copNxight-protectable.  Therefore,  pemiission  is  required 
to  reproduce  a  table  or  figure  directly,  or  w  ith  minor  adaptations. 
from  a  journal  or  book,  but  permission  is  not  required  if  data  are 
extracted  and  presented  in  a  new  format.  In  that  case,  cite  the  source 
of  the  data  as  in  the  following  example:  "Adapted  from  Reference 
23." 


abbreviation  only  if  the  term  occurs  4  or  more  times  in  the  paper. 
Parenthetically  define  all  abbreviations:  write  out  the  full  terin  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disease  (COPD).  There- 
after use  only  the  abbreviation.  .Standard  units  of  measurement  and 
scientific  terms  can  be  abbreviated  without  explanation  (eg.  L/min, 
mm  Hg.  pH,  Oi). 

Please  use  the  following  forms:  cm  HjO  (not  cniH20).  f  (not  bpm), 
L  (not  1).  L/min  (not  LPM.  l/min.  or  1pm),  mL  (not  ml),  mm  Hg  (not 
mmHg),  pH  (not  Ph  or  PH),  p  >  (J.OOI  (not  p>0.tXJl),  s  (not  sec),  Spo2 
(arterial  oxygen  saturation  measured  via  pulse-oximetry). 

Prior  and  Duplicate  Publication.  In  general,  do  not  submit  work  that 
has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  original  pub- 
lisher grants  pemiission.  Please  consult  the  Editor  before  submitting 
such  work. 


Ethics.  When  reporting  experiments  on  human  subjects,  indicate  that 
procedures  were  conducted  in  accordance  with  the  ethical  standards 
of  the  World  Medical  Association  Declaration  of  Helsinki  (see  Respir 
Care  l997:42(6):635-636;  also  available  at  http://www.wma.net/e/ 
17-c_eparaiiraphnumhering.html)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients'  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  level  of  significance  in  the  Meth- 
ods section.  Report  p  values  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  ■■±" 
value,  please  indicate  whether  the  value  is  a  standard  deviation  or  .stan- 
dard error  of  the  mean. 

Units  of  Measurement  Express  all  measurements  in  SI  (Systeme  Inter- 
nationale) units  (units  and  conversion  factors  listed  at  Respir  Care 
I997;42(6):640  and  also  available  at  http://\\ww. rcjournal.com/ 
authur_guide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 
millimeters  of  mercury  (mm  Hg). 

Conflict  of  Interest.  On  the  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed to  reviewers.  Reviewers  are  screened  for  possible  conflict  of 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  1997:42(6):637-642  (also  available 
at  http://www.rcjournal.cotn/aiithor_guide/}.  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an 


Authorship.  All  persons  listed  as  authors  must  have  participated  in 

the  reported  work  and  in  the  shaping  of  the  manuscript,  all  must  have 
proofread  the  submitted  manuscript,  and  all  should  be  able  to  pub- 
licly discuss  and  defend  the  paper's  content.  A  paper  of  corporate  author- 
ship must  specify  the  key  persons  responsible  for  the  article.  Attri- 
bution of  authorship  is  not  ba.sed  solely  on  solicitation  of  funding, 
collection  or  analysis  of  data,  provision  of  advice,  or  similar  services. 
Persons  who  provide  such  ancillary  services  may  be  recognized  in  an 
Acknowledgments  section,  but  written  permission  is  required  from 
the  persons  acknowledged. 

Reviewers:  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  3  professionals  whom  you  consider  expert 
on  the  topic  of  your  paper.  Your  manuscript  may  be  sent  to  one  or 
more  of  them  for  blind  peer  review. 

Submitting  the  Manuscript 

Submit  3  printed  copies  and  one  (3.5-inch)  computer  diskette.  The 
printed  copies  should  each  include  photocopies  of  all  of  the  Figures, 
Tables,  and  Appendixes.  On  the  diskette,  the  manuscript  should  be 
in  one  file  and  the  tables  in  a  separate  file.  If  soft  copies  of  the  fig- 
ures are  available,  they  should  also  be  in  a  separate  file.  However,  do 
not  create  scanned  versions  of  figures  borrowed fiom  other  publications; 
clear  photocopies  are  preferable.  Include  the  completed  Cover  Let- 
ter and  Checklist  (see  next  page)  and  permission  letters.  Mail  to  RES- 
PIRATORY Care,  600  Ninth  Avenue.  Suite  702,  Seattle  WA  98104. 
Do  not  fax  manuscripts.  Receipt  w  ill  be  acknowledged. 

Respiratory  Care 

Editorial  Office: 

600  Ninth  Avenue,  Suite  702 
Seattle  W A  98104 

(206)  223-0558  (voice) 

(206)  223-0563  (fax) 

rcj()urnal@  aarc.org 
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Cover  Letter  &  Checklist 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 

Publication  Category: 


Corresponding  Autfior: Phone: FAX:, 

Mailing  Address:  _, 

Reprints:      □  Yes     □  No  E-mail  Address: 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


'First  Author: 


Author  Signature/Date. 


'Second  Author: 


Author  Signature/Date. 


'Third  Author: 


Author  Signature/Date. 


'Fourth  Author: 


Author  Signature/Date, 


Has  this  research  been  presented  in  any  public  forum?        □  Yes     □  No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  any  awards?         □  Yes     □  No 
If  yes,  please  describe. 


Has  this  research  received  any  grants  or  other  support,  financial  or  material?       □  Yes     □  No 
If  yes,  please  describe. 


Do  any  of  the  authors  of  this  manuscript  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        □  Yes     □  No 


yes,  please  describe. 


□  Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

□  Is  double-spacing  used  throughout  entire  manuscript? 
!_)  Are  all  pages  numbered  in  upper-right  corners? 

Are  all  references,  figures,  and  tables  cited  in  the  text? 

Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

Have  SI  values  been  provided? 

Has  all  arithmetic  been  checked? 

Have  generic  names  of  drugs  been  provided? 

Have  necessary  written  permissions  been  provided? 

Have  authors'  names  been  omitted  from  text  and  figure  labels? 

Have  copies  of  'in  press'  references  been  provided? 

Has  the  manuscript  been  proofread  by  all  the  authors? 

Have  the  manufacturers  and  their  locations  been  provided  for  all  devices  and  equipment  used? 
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Respiratory  Care  •  Open  Forum  2002 
48th  International  Respiratory  congress  •  Tampa,  Florida  U.S.A. 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief  ab- 
stracts related  to  any  aspect  of  cardiorespiratory  care.  The  ab- 
stracts will  be  reviewed,  and  selected  authors  will  be  invited  to 
present  posters  at  the  OPEN  FORUM  during  the  AARC 
International  Respiratory  Congress  in  Tampa.  Florida,  October 
5-8,  2002.  Accepted  abstracts  will  be  published  in  the  August 
2002  issue  of  RESPIRATORY  Care.  Membership  in  the  AARC  is 
not  required  for  participation.  All  accepted  abstracts  are  automat- 
ically considered  for  .'\RCF  research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  evalua- 
tion of  a  method,  device  or  protocol,  or  (3)  a  case  or  case  se- 
ries. Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  or  health  care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  national — 
meeting  and  should  not  have  been  published  previously  in  a  na- 
tional journal.  The  abstract  will  be  the  only  evidence  by  which 
the  reviewers  can  decide  whether  the  author  should  be  invited  to 
present  a  poster  at  the  OPEN  FORUM.  Therefore,  llie  abstract  must 
provide  all  important  data,  findings,  and  conclusions.  Give  spe- 
cific information.  Do  not  write  such  general  statements  as 
"Results  will  be  presented"  or  "Significance  will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  ( 1 )  Background:  state- 
ment of  research  problem,  question,  or  hypothesis;  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  detail  to 
permit  judgment  of  validity:  (3)  Results:  statement  of  research 
findings  with  quantitative  data  and  statistical  analysis;  (4) 
Conclusions:  interpretation  of  the  meaning  of  the  results. 

Method,  device,  or  protocal  valuation.  Abstract  must  in- 
clude (1)  Background:  identification  of  the  method,  device,  or 
protocol  and  its  intended  function;  (2)  Method:  description  of  the 
evaluation  in  sufficient  detail  to  permit  judgment  of  its  objectivi- 
ty and  validity;  (3)  Results:  findings  of  the  evaluation;  (4) 
Experience:  summary  of  the  author's  practical  experience  or  a 
lack  of  experience;  (5)  Conclusions:  interpretation  of  the  evalua- 
tion and  experience.  Cost  comparisons  should  be  included  where 
possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncommon  or 
of  exceptional  educational  value  and  must  include  (  1  ) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  reflect  re- 
sults of  literature  review.  The  author(sl  should  have  been  actively 
involved  in  the  case  and  a  case-managing  physician  must  be  a  co- 
author or  must  approve  the  report. 


submit  your  Open  Forum  abstract  electronically 

,    visitwww.rcjournal.com  , 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by  40%; 
therefore,  the  size  of  the  original  text  should  be  at  least  10  points.  A 
font  like  Helvetica  or  Times  makes  the  clearest  reproduction.  The 
tlrst  line  of  the  abstract  should  be  the  title  in  all  capital  letters.  Title 
should  explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution(s).  and  location;  underline  presen- 
ter's name.  Type  or  electronically  print  the  abstract  single  spaced  in 
one  paragraph  on  a  clean  sheet  of  paper,  using  margins  set  so  that 
the  abstract  will  fit  into  a  box  no  bigger  than  18.8  cm  (7.4")  bv  13.9 
cm  (5.5"),  as  shown  on  the  reverse  of  this  page.  Insert  only  one  let- 
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to  RESPIRATORY  CARE.  New  Products  &  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 

The  Reader  Service  Card  can  be  found  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Needlestick  Protective  Device.  Needle- 
stick  Protection  Inc.  has  introduced  a  new 
protective  device,  the  Finger  Protector, 
for  reducing  accidental  needlesticks  dur- 
ing arterial  blood  sampling  and  arterial 
line  insertion.  According  to  the  manufac- 
turer, this  is  the  only  device  that  protects 
the  clinician  during  the  actual  procedure. 
The  device  slides  over  the  index  finger  of 
the  gloved  hand  that  palpates  the  artery.  It 
has  a  special  opening  on  the  bottom  that 
allows  the  fmgertip  pad  to  palpate  the 
artery  while  the  majority  of  the  inde.x  fin- 
ger is  protected  from  the  needle.  For  more 
information  from  BCI,  circle  number  16.'i 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online"  at  http://www.aarc.org/ 
buyersguide/ 

Aerosol  Medical  Delivery  Device.  DHD 

Healthcare  Corporation  has  introduced 
CircuVent''''^,  which  they  claim  is  a 
breakthrough  device  for  aerosolized  med- 
ication delivery  to  patients  using  heat- 
moisture  exchangers/hygroscopic  con- 
denser humidifiers  (HME/HCH).  With 
CircuVent,  aerosolized  medications  can 
be  delivered  without  removing  the 
HME/HCH,  minimizing  the  risks  associ- 
ated with  breaking  the  circuit.  CircuVent 
is  lightweight,  latex  free,  easy  to  clean, 
and  has  a  translucent  construction  that 
permits  inspection  for  occlusion,  accord- 
ing to  DHD  Health  care.  For  more  infor- 
mation from  BCI  Inc,  circle  number  166 


on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online"  at  http://www.aarc.org/ 
buyersguide/ 

Full  Face  Mask.  ResMed  has  announced 
the  release  of  the  latest  addition  to  its 
mask  family — the  Mirage  Full  Face  Mask 
Series  2.  This  new  mask  takes  the  Mirage 
Full  Face  Mask  to  the  next  level,  increas- 
ing stability  and  comfort  for  patients  who 
mouth  breathe  or  have  mouth  leak,  ac- 
cording to  the  manufacturer.  It  features  a 
soft,  contoured  cushion  that  confonns  to 
the  face  to  provide  a  secure  seal.  ResMed 
says  that  when  inflated  by  air  pressure, 
the  patented  dual-wall  cushion  gently 
floats  on  the  face,  and  only  the  soft  mem- 
brane comes  in  contact  with  the  sensitive 
areas  of  the  face.  The  mask  seal  is  further 
enhanced  with  the  inclusion  of  a  forehead 
stability  ami.  according  to  ResMed.  For 
more  infonnation  from  ResMed,  circle 
number  1 67  on  the  reader  service  card  in 
this  issue,  or  send  your  request  electroni- 
cally via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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Finger  Oximeter.  BCI  Inc  has  intro- 
duced the  Digit'^'  Finger  Oximeter.  It  is  a 
pulse  oximeter  and  sensor  in  one  unit  and 
provides  fast,  reliable  SpO:,  pulse  rate, 
and  pulse  strength  measurements  on  pa- 
tients from  pediatric  to  adult.  The  pocket 
sized  Digit  Finger  Oximeter  has  a  large 
LED  display,  a  one-button  keypad,  and 


automatic  power  shutdown  after  8  sec- 
onds when  not  in  use,  according  to  the 
manufacturer.  For  more  information  from 
BCI  Inc,  circle  number  168  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line" at  http://www.aarc.org/buycrs_guide/ 

Patient  Monitoring  System.  Metracor 
Technologies  Inc  announced  FDA  501(k) 
approval  to  market  the  RODA*  patient 
monitoring  system,  a  medical  device  in- 
tended to  provide  continuous  monitoring 
of  the  cardiovascular  and  oxygenation 
status  of  surgical  and  critical  care  patients 
by  minimally  invasive  means.  According 
to  the  manufacturer,  RODA  (Real-Time 
Oxygen  Dynamics  Analysis)  provides  in- 
tegrated information,  including  real-time 
calculations  of  cardiac  output  and  total 
oxygen  delivered  to  the  patient's  tissues. 
It  incorporates  patented  software  that  or- 
ganizes and  displays  related  patient  data 
in  a  novel  manner  supporting  higher 
order  decision-making  by  physicians, 
says  Metracor.  For  more  information 
from  Metracor.  circle  number  169  on  the 
reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Advertis- 
ers Online"  at  http://www.aarc.org/ 
buyersguide/ 
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Notices  tiC  competitions,  scholarships,  fellowships,  examinution  dates,  new  educational  programs, 

:ind  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  Ihe  Journal  60  days 

before  the  desired  month  of  publication  (January  1  for  the  March  issue,  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  Cari;  Notices  Dept,  1 10.10  Abies  Lane,  Dallas  TX  75229-4593. 


l^o^uKtli,  2002 

Weaning  from  Mechanical  Ventilation:  New 
Insights,,  New  Guidelines  —  Neil  R  Maclntyre 
MD  FAARC/  Dean  R  Hess  PhD  RRT  FAARC  — 
Live  April  16;  Audio  May  14 

Neonatal  and  Pediatric  Ventilators:  What's  the 
Difference?  —  Mark  J  Heulitt  MD  FAARC/ 
Richard  D  Branson  B A  RRT  FAARC  —  Live  May 
2 1 :  Audio  June  25 

Ventilator  Graphs:  What's  With  That  Wave?  — 

Jon  O  Nilsestuen  PhD  RRT  FAARC/  Richard  D 
Branson  BA  RRT  FAARC  —Live  July  16;  Audio 
August  13 

Talking  with  Patients  and  Families  About 
Death  and  Dying —  Helen  M  Sorensen  MA  RRT 
FAARC/  David  J  Pierson  MD  FAARC  —Live 
August  20;  Audio  September  17 

Pressure  vs  Volume  Ventilation:  Does  It  Matter? 

—  Robert  S  Campbell  RRT  FAARC/  Richard  D 
Branson  BA  RRT  FAARC  —  Live  September  10/ 
Audio  October  8 

Inpatient  Management  of  COPD  —  Randall 
Rosenblatt  MD/  David  J  Pierson  MD  FAARC  — 
Live  October  22;  Audio  November  12 

High-Frequency  Oscillatory  Ventilation  — 

Thomas  E  Stewart  MD/  Richard  D  Branson  BA 
RRT  FAARC  —  Live  November  19;  Audio 
December  10 


Helpful  lUeb.Sjtes 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

h  1 1  p :  /  /  www.  n  b  re .  o  rg 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  FORUM;  submit  your  abstract  online 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://www.coarc.com 


The  National  Board  for  Respiratory  Care — 
Examination  Fees  for  2002 


Examination 

CRT 

PeriiiaUil/Pediatric 
CPFT 
RPFT 


Examination  Fees 

$190  (new  applicant) 
$150  (reapplicant) 

$250  (new  applicant) 
$220  (reapplicant) 

$200  (new  applicant) 
$170  (reapplicant) 

$250  (new  applicant) 
$220  (reapplicant) 


RRT  $190  (new)  $150  (reapplicant)  written  only 

(Written  $200  (new  and  reapplicant)  CSE  only 

&  CSE)  $390  (new)  $350  (reapplicant)  both 

For  information  about  other  services  or  fees,  write  to  the 

National  Board  for  Respiratory  Care. 

i^.MO  Nieinan  Roaii.  Lene.xa  KS  66'2I4,  or  call 

(41.^)  399-4200.  FAX  (9 1 3 )  54 1  -0 1 .56. 

or  e-mail:  nbrc-infoS'nbrc.org 
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Calendar 
of  Events 


Date 

AARC  &  State  Society  Programs 

Contact 

April  10-12 

44th  Annual  MSRC  Seminar;  Pontiac,  Ml 

Annie  Hurlburt  (734)  677-MSRC  or  ahurlburt@ucia2.com 

April  11-12 

PSRC  5th  Annual  Eastern  Regional  Conference 
&  Exhibition;  King  of  Prussia,  PA 

Ann  Cusano  (215)  646-7300,  ext.  428 
or  cusano.a@gmc.edu 

April  19 

TSRC  North  Region  -  Friendship  District  &  Huguley 
Medical  Center,  Pediatric/Neonatal;  Fort  Worth,  TX 

Joe  Horn  (817)  551-2766 

April  25-26 

TSRC  Northwest  Region  "Spring  Training"; 
Lubbock,  TX 

Karen  Spann  (806)  351  -1 600,  ext.  305 

April  28-29 

29th  Annual  Pacific  NW  Regional  Respiratory 
Care  Conference;  Bellevue,  WA 

Ellen  Perry  (425)  576-1 171  or 
ezperry@earthlink.net 

May  2-3 

TSRC's  Central  Region  -  Rio  Grande  Valley 
Distnct  Seminar;  South  Padre  Island,  TX 

John  Galan  (956)  969-51 85 

May  7-8 

CSRC  20th  Annual  Super  Symposium; 
Southington,  CT 

Sue  Albino  (860)  545-2414  or 
salbino@harthosp.org 

May  13-15 

MSRC's  Annual  Spring  Fling,  Lewiston,  ME 

Diane  Haskell  (207)  596-8872  or  Dhaskell@ 
nehealth.org;  Bobbie  Crockett  (207)  262-2214  or 
roberta.crockett@sjhhealth.com;  www.mesrc.org 

June  14-16 

AARC  Summer  Forum;  Vail,  CO 

AARC,  (972)  243-2272,  www.aarc.org 

June  16-17 

AARC  Asthma  Disease  Management  Course;  Vail,  CO 

AARC,  (972)  243-2272,  www.aarc.org 

July  17-19 

TSRC  31st  Annual  Convention  and  Exhibition; 
San  Antonio,  TX 

TSRC  Executive  Office  (972)  680-2455 

Sept.  5-7 

TSRC  North  Region  -  Pineywoods  District  16th 
Annual  Fall  Seminar;  Lufkin,  TX 

Pam  Hollis  (409)  639-7006 

Sept.  12-13 

Alabama  Society  for  Respiratory  Care  Annual 
Meeting;  Birmingham,  AL 

Bill  Pruitt  (251)  434-3405  or 
wpruitt@jaguar1  .usouthal.edu 

Oct.  5-8 

AARC  48th  International  Respiratory  Congress; 
Tampa,  FL 

AARC,  (972)  243-2272,  www.aarc.org 

Date 

Other  Meetings 

Contact 

April  6-8 

Washington  Regional  Medical  System's  Spring  Sleep 
Seminar  2002  and  APT  Basic  Course;  Memphis,  TN 

Bill  Rivers  or  Melinda  Trimble,  (501)  713-1272, 
brivers@wregional.com,  or  mtrimble@wregional.com 

April  1 6-1 9 

All  Children's  Hospital:  Neonatal/Pediatric  Transport 
Conference;  St.  Petersburg,  FL 

Connie  Spadaccino  (800)  456-4543,  ext.  4240 

April  18-20 

University  of  California  San  Francisco's  Antiviral 
Chemotherapy;  San  Francisco,  CA 

Department  of  Medicine  (415)  476-5208 
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/f  Miorks  in  virfually  any  position,  with  virfually  any  patient 

Vibratory  PEP  Therapy 

•  Improves  clearance  of  secretions. 

•  Easier  to  tolerate  than  CPT. 

•  Less  than  half  the  time  of  conventional  CPT  session*. 

•  Facilitates  opening  of  airways  in  patients  with  lung  diseases 
with  secretory  problems  (COPD,  asthma.  Cystic  Fibrosis). 

Tired  of  confining  patients  to  an  uncomfortable,  upright  position  for  vibratory  PEP?  With 
new  acapelia,  you  don't  have  to  take  that  sitting  down!  Its  unique  design  permits  use  while 
standing,  reclining  or  walking.  So  now  everyone  from  active  pediatrics,  to  bedridden  patients, 
can  benefit  from  secretion  clearance  therapy  Color-coded  units  (green  for  high-flow,  blue  for  low) 
help  you  customize  treatment  based  on  clinical  needs.  You  can  adjust  acapella's  frequency 
and  flow  resistance  simply  by  turning  an  adjustment  dial.  And  because  therapy  can  be  self- 
administered  in  any  setting,  you'll  provide  an  effective  continuum  of  care  outside  the  hospital. 
For  the  new  generation  of  vibratory  PEP  therapy,  call  DHD  Healthcare  toll-free  today: 
1-800-847-8000.  acapelia.  No  instrumental  accompaniment  required. 
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